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IVT RODUC TLON 


The annual reports ef the research and technologic investigations con- 
ducted by the Bureau of Mines on the occurrence, properties, mining, prep- 
aration, and uses of coal, of which the present report is the seventh,y are 
intended to be brief summaries of progress. They are guides to the current 
work and publications of the Bureau but do not replace the more complete 
reports published by incividuals and groups of workers on snecific problems. 
The annual reports. present the results of tests, often in advance of publication 
in other forms, but original contributions in research are reserved for initial 
publication by their authors. 


A survey of the accomplishments of the Eurcau in research and technologic 
work on coal during the year period 1925-40 has been made available in the 
form of a bibliography.’ This supplements a similar bibligraphy on this 
subject that covers the first 25 years of the Bureau, 1910-35.9/ 


4/ Fieldner, A. C., Resumé of Research and Technologic Work Relating to 
Coal Concucted by the Technologic Branch During 1956: Bureau of Mines 
Inf. Circ. 6935, 1937, 14 pp. Annual Report of Research and Technologic 
Work on Coal, Fiscal Year 1937: Bureau of Mines Inf. Circ. $992, 1903, 
44 pp. Annual Report of Research and Technologic Work on Coal, Fiscal 
Year 1938: Bureau of Mines Inf. Circ. 7052, 1939, 44 pp. 

Fieldner, A. C., and Brewer, R. E., Annual Report of Research and Tech- 
nologic Work on Coal, Fiscal Year 1939: Bureau of Mines Inf. Circ., 
7105, 1940, 59 pp. 

Fieldner, A. C., and Rice, W. E., Annual Report of Research and Tech- 
nologic Work on Coal, Fiscal Year 1940: Bureau of Mines Inf. Cire. 
7143, 1940, 50 pp. 

Fieldner, A. C., and Schmidt, L. D., Annual Report of Research and Tech- 
nologic Work on Coal, Fiscal Year 1941: Bureau of Mines Inf. Circ. 
7190, 1941, GO pp. | | 

5/ Fieldner, A. C., Bibliography of Bureau of Mines Investigation of Coal and 
Its Products, 1935 to 1940: Bureau of Mines Tech. Paper 639, 1942 43 pr. 

&/ Fieldner, A. C., Emery, Alden H., and von Bernewitz, M. W., Bibliography 
of United States Bureau of Mines Investigations on Coal and Its Products, 
1910-85: Bureau of Mines Tech. Paper 576, 1937, 145 pp. 
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A general review of reserach and progress in the prcduction and use of 
coal and discussion of desirable plans for furure researcn was compiled for 
the use of the National Resources Planning Board./ This comprises chapters 
prepared by members of the staff of the Bureau of Mines on mining, prep- 
aration, combustion, carbonization, gasification, and liquefaction of coal. Each 
cnavter reviews the relation of progress to research in the ficld covered and 
concludes with a statement of projects for future research insofar as these 
can be forseen in the light of present developments. The coal reserves of 
this country are so large that efficient production and utilization of coal will 
be a perennial problem, and it is a conservation measure to engage in long- 
term fundamental research on 2 scale commensurate with the importance of 
cecal in industrial activitics. 
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PROPERTIES AND COMPOSITION OF AMERICAN COALS 


Inspection, Sampling, and Analysis 


Four coal-sirnpling trucks were cperated centinucusly to cbtain anai- 
yses for use in awarding contracts for the supplying of coal to the Govern- 
ment. This work assumed special significance during 1942 as a result of 
increasing demand of tne armed forces for fuel. These trucks were take 
439 mines in 14 States, whcre 1,27C samples of bitumincus coal were oe 
pared; these comprised 3 samples from Arkansas, 328 from Colorado, 40 
from Illinois, 52 from Indiana, 1538 from Mentucky, 29 from Montana, g rb genes 
Ohio, 18 from Oklihoma, 49 from Pennsyivenia, 173 from Tennessee, 177 
from Utah, 183 from Virginia, 178 from West Virginia, and °5 from Wvcmir 
In addition, 188 samples were prepared at 26 breakers in the Pennsylvaniz 
enthracite region, and 41 samples were orepaned at 11 dredging operations 
in rivers and creeks that drein the :nthracite region. During the past 20 
years, the average recovery of anthracite by dredging has been three quart: 
of a million tons annually, or a littke more than 1 percent cf the total pro- 
eae of anthracite. 
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The quality of the coal recovered by dredging varies greatly, depending on 
conditions that affect the flow of the streams. 


' In connection with the inspection of purcnased coal the coal-anaiysis 
lacoratory reported the analyses cf 9,391 samples, representing approximately 
4 inillion tons cf coal. In addition 1,082 sarnnies were analyzed to correlate 
analyses with the research of the Bureau on the utilization of coal by combus- 
ticn, carbonization, gasification, and hydrogenation. 


Federal coal-mine inspectors subraitted 4,752 samples collected in inspec- 
ticns conducted to increase safety and establish healthful conditions in coal 
mines. These samples consist of coal and rock dust in varying proportions, 
taken from roads, ribs, and roofs of mines. Sizes of particles were deter- 
mined, in addition to the usual analyscs of these samples. 


a 


fnalyses of Illinois Coais 


A new volume was added to the series of pybiications that describe the 
coals cf individual producing States. In the past la years Illinois has pro- 
duced 10.81 to 12.02 percent of the bitumincus co2l mined in the United States, 
end in the 7 years from 1983 to 1939, its output was exceeded only by that of 
Vest Virginia and of Pennsylvania. A cormrilation9/ of analyses of Illinois 
coals from the Burcau of Mines files is suppicmented by chapters on the 
geology of the coal ficld, methods of mining and preparation, end statistics of 
production, distribution, and uses. Descrintions of samples collected in the 
rnines include detailed inforrnation on thickness of beds, nature of floor and 
roof, and vartings in the beds. | 


~~ 


Aralvses of West Virginie Coals 


A new volume of Analyses of West Virginia Coalsl0/ comprises all 
enaiyses previously publishcd in Burcau of Mines ‘Technical Paner 405 (1928) 
and later analyses made before January 1, 1940. The information on geology, 
mining, distribution, and uscs has been revised. 


&/ Corgan, Joserh A., Dredging Pennsylvania Anthracite: Bureau of Mines 
int. Cire: (2i6, 1942.25. pp. 

Q/ Fieldner, A. C., Cady, Gilbert H., Tocnres, Albert L., Maize, Earl R., 
Fraser, Thoinas, Anderson, R. L., Mcbride, J. W., Snyder, N. H., Cooper, 
H. M., Abernethy, R. F., Tarvicy, E. C., and Swingle, Rk. J., Analyscs of 
Illinois Coals: Bureau of Mincs Tech. Paper 641, 1942, 245 pp. 

10/ Ficldner, A. C., Price, Paul N., Heck, E. T., Tcenges, A. L., Anderson 
R. Ls, Snyder, N. H., Cooper, H. M., Abernethy, R. F., Tarpley, E.C., 
and Swingle, R.J., Analyses of West Virginia Ccals: Bureau of Mines 
Tech. Paper 925, 1948, 341 po. 
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Typical Aralyses of Coals of the United Stetes 


The Bureau files contain analyses of more than 300,000 samples of coal. 
As a result of a thorough survey of these analyses, a bricf summary of the 
commercial coal resources of the country has been made available.Ll/ 
Specimen analyses are given exemplifying the analysis of coal mined in each 
coal-producing county, or, where it is feasible, coal from each bed in each 
county; moreover, ranges of analyses, within which the composition cf most 
of the coal represented will fall, are given where there are enough analyscs to 
permit satisfactory determination of the ranges. 


The same typical anlyses, with those for some screen-sized coals, are 
being published by the United States Office of the Bituminous Coal Consumers 
Counsel in a series of data books which, in addition, contain descriptive tables 
of rail and river shipping mines and maps showing their location. These data 
books describe the producing districts as defined in the Bituminous Coal Act 
of 193714 and they have proved of great value to retail dealers and the larger 
industrial consumers. 


Heating Value of Coal 


There is a general belief in the coal trade that although the moisture- and 
ash-free heating value of coal varies in coals of different rank, it is substan- 
tially constant for coal from the same bed, or more especially, coal from the 
same mine. If so, calculation of this value from the usual coal analysis and 
calorimetric value would reveal that a coal did not corne from a given area or 
bed, and for restricted areas it would reveal the probable origin. To determin 


i11/ Fieldner, A. C., Rice, W. E., and Moran, H. E., Typical Analyses of Cca‘s 
of the United States: Bureau of Mines Tech. Paper 446, 1942, 45 pp. 

12/ Consumers’ Counsel Division, Office of the Solicitor, U. S. Department 
of the Interior, Typical Analyses, Bituminous Coals Produced in District 
7 and 8: Data Book, vol. 1, 1941, 28 np. (in cooperation with the Bureau 
of Mines). | 
Office of the Bituminous Coal Consumers’ Counsel, Typical Analyses, 
Bituminous Coals Produced in District 1: Data Book, vol. 2, 1941, 18 pp 
(in cooperation with the Bureau of Mines). Typical Analyses, Bituminou: 
Coals Produced in Districts 2, 3, 4, 5, and $8: Data Book, vol. 3, 1941, 
29 pp. én. cooperation with the Bureau of Mines). Typical Analyses, 
Bituminous Coals Produced in District 13: Data Book, vol. 4, Pus, li xr 
(in cooperation with the Bureau of Mines). 
U. S. Office of Bituminous Coal Consumers’ Counsel, Typical Auaigses: 
Bituminous Coal, Districts 10 and.11: Data Book, vol. 5, 1942, 48 pp. 
(in cooveration with the Bureau of Mines). 
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tne possible limitations or the accuracy of this idea, a larze number of 
analyses of coal from 13 mines that pe euce coal ranging in rank from anthra- 
cite to lignite was carefwly studied.13/ This study indicates ceviations from 
the average of not more than 100 B.t.u. ner pound for coals of low- and med- 
ium-volatile bituminous rank but increasing to 800 B.t.u. per nound with change 
cf rank in either direction, that is, toward anthracite or toward lignite. 


Moisture in Coal 


Accurate determination of the moisture content of coal is particularly 
important in acceptance tests of steam-cenerating equipment where there is a 
contract that includes a high penalty or bonus. In cooperation with the Com- 
bustion Engineering Co. a series of comparisons was mede of samples collected 
in large ashcans; samples collected and air-dried in large cloth bags in the 
boiler room and grab samples taken from these cans and begs before the gross 
samples were crushed and recuced.24/ If the moisture content of the bag 
samples is considered to be correct for the coal the average moisture content 
of the ashcan samples is 0.60 percent low, and that of the grab samples is 0.28 
percent low. 


Determination of Ash of Coals Hirth in Calcite and Pyrite 


Cooperative work between the Bureau of Mines and the I1linois Geological 
Survey on methods of determining ash in coals high in calcite and pyrite 
established the fact that the determination is best started in 2 cold furnace, 
which is then heated to 750° C. in 1-1/2 hours or longer. By this procedure 
much of the sulfur of the pyrite is oxidized and expelled before the caleite is 
decomposed, less is retained as calcium sulfate in the ash, and a lower per- 
centage of ash is indicated. 


Standard Methods and Svecitfications 


The Bureau of Mines cooperates with the American Society for Testing 
Materials in the formulation of methods of sampling, analyzing, and testing 
coal and coke and in the preparation of specifications for the classification of 
coals on the basis of physical and chemical characteristics for use in homes 
and industries. Changes were recom:nenced to improve the procedure for 
determining ash in coals high in calcite and pyrite; a method of test for index 


13/ Barkley, J. F., and Burdick, L. R., The Various B.t.u. Values of a Coal: 
Bureau of Mines Inf. Circ. 7193, 1941, Zé pp. 

14/ Barkley, J. F., Determining Moisture Ccntent of Coal: Combustion, vol. 
13, 1941; pp. 50-51. | 

15/ Rees, O. W., and Selvig, W. A., Determination cf Ash in Coals Unusually 
Hiigh in Calcite and Pyrite: Ind. Eng. Chem., anal. ed., vol. 14, 194d, 
pp. c09-212. 
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of dustiness of coal and coke wes recommended for adoption as a tentative 
standard; it was reconimended that the present tentative standard definition o: 
coke and the standard specification for foundry coke be withdrawn.1$ 


Proverties of Fuels 


A revised chapter on the properties of solid, liquid, and gaseous fuels 
was prepared by the staff of the Bureau for a new edition of the Mechanical 
Engineers’ Handbook.LY/ Information is included on a number of fuels that 
have come into use since publication of the earlier edition and on properties 
that previously were not considered in the selection and use of fuels. 


Chemical Method for Estimation of Fusain 


A reportl$/ was published on comparative recults in the determination 
of fusain in coai by chemical oxidation£®/ and petrographic methods. The 
coals examined included splint coal, bright coal, anthraxylon, cannel coal, 


and fusain separated from column samples of various beds. 


Table 1 shows the fusain content of the coal samples as determined by 
the chemical oxidation method and by microscopic examination. The samples 
represent a wide ranve in type and rank of coal. 


In general, reasonably good agreement was obtained by the chemical 
oxidation and petrographic methods. Dunlicate determinations by the chemic2 
oxidation method showed good agrcement. This method has the advantage ol 
Simnple, well-known technique, whereas the petrographic method requires 
familiarity with the petrogranhy of coal. 


18/ Fieldner, A. C., and Selvig, W. A., Report of Committee D-5 on Coal 
and Coke: Proc. 44th Ann. Meeting, Am. Soc. Testing Materials, vol. 
41, 1942, pp. 870-374. 

17/ Fieldner, A. C., and associates in the Bureau of Mines, Fucls: Mech- 
anical Engineers’ Handbook (ed. by Lionel S. Marks). 4th ed., McGraw- 
Hill Book Co., Inc., New York, 1941, pp. 782-825. 

18/ Selvig, W. A., Ode, W. H., and Srrunk, G. C., A Comparison of the Deter- 
mination of Fusain in Coal by Chemical Oxidation and Petrographic 
Methods: Fuel, voi. 21, 1942, pn. 338-36. 

19/ Fuchs, Walter, Gauger, A. W., Hsiao, C. C., and Wright, C. C., The 
Chemistry of the Petrographic Constituents of Bituminous Coal. Part 
I. Studies on Fusain: Fennsylvania State College Mineral Industries 
Faperiment Station Bull. 28, 1988, pp. 24-27. 
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Sample 
desienation Bed Mine i State 
Fusain Pittsburgh ruceton Allegheny !Pa. 
Do. hower ‘Indian Creek No. 1)Fayette Do.- 
Kittanning 
Do. Beckley inding Gulf No.” 1j}Raleigh j,W. Va. 
Splint coal Coalburg Silush | Boone Do. 
(high-volatile A 
bituminous ) z 
Do. High losplint ae Ky. 
Splint ‘ | 3 
Splint coal Beckley Vinding Gulf No. 1ljRaleigh ([W. Va. 
_ (low-volatile : 
bituminous ) 
Bright coal (sub- Monarch onarch No. 45 Sheridan iWyo. 
bituminous B j ; 
Bright coal (low- |Beckley inding Gulf No. 1|/Raleigh |W. Va. 
volatile 
bituminous ) 
Anthraxylon (low-| Do. Do. Do. Do. 
volatile 
bituminous) | : 
Cannel coal ke American Fire Clay jMahoning j|Ohio 
€high-volatile & Products Co. | 
A bituminous 


a ia and mineral-matter-free basis. 
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Relation of Petrographic Composition to 
Chemical and Physical Properties of Coa 


A summary of Bureau of Mines data on the relation between petrographic 
composition and the chemical, hydrogenating, and carbonizing properties of 
coal was presented at the geological prozram in celebration of the Fiftieth 
Anniversary of the University of Chicago, held under the joint sponsorship of 
the Geological Society of America, the American Association for Advancement 
of Science, and the University of Chicago. This paper<Y/ emphasizes the 
importance of recognizing type as well as rank when studying the properties 
of coal. 


Relation of Petrography to Carbonizing Properties of Coal 


Data now available show that certain carbonizing properties of medium- 
volatile coals are not predictable from chemical analyses and that petro- 
eraphic sateen a may modify these properties more than has been recog- 
nized generally. Table 2 shows the petrographic composition and coking 
tests of four medium-volatile Appalachian coals. 


TABLE 2. - Carbonizing characteristics and petrographic 
composition of four Appalachian coals 


Dry, min- | Expansion 
eral-mat- 900° coke in sole- 
ter free Types, percent 1-1/ 2-inch |i-inch heated 
fixed car- Semi-| Can-| (shatter |(tumbler! oven, 
208 Don percent! Bright| splint Splint] nel index index percent 
Lower 
Free- 4 
port 73.4 93 5 2 +19.0 
Lower 
Ban- 
ner 78.9 | 36 53 0 ~6.2 
Bakers 
town Fae 91 3 6 +9.8 
Sewell lee 81 15 4 16.0 


20/ Sprunk, G. C., Influence of Physical Constitution of Coal Upon Its Chem- 
ical, Hydrogenation, and Carbonization Properties: Jour. Geology, vol. 
1, no. 4, May-June, 1942, pp. 411-433. 

2i/ Reynolds, D. A., and Davis, J. D., Coal Carbonization: Carbonization _ 
Properties of Medium-Volatile Coals of Different Types: Paper presented 
at meeting of Am. Chem. Soc., Atlantic City, September 8-12, 1941. 
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The Lower Freeport, Bakerstown, and Sewell coals are predominantly 
bright, but the Lower Banner bed contains considerable semisplint and cannel 
coal. The Lower Banner differs from the other three in that it forms the 
weakest coke, as determined by both tumbler and shatter tests. The Lower 
Panner also differs in that it contracts during carbonization, whereas the 
others expand. The expansion properties of coals are given important consid- 
eration in selecting coals for coking, because it is often necessary to dilute 
hizhly expanding coals with nonexpanding coals to prevent injury to coke ovens. 


In the survey of.gas- and coke-making. properties of American coals, 
raost of the cokes made from high-volatile coals.containing large amounts of 
splint did not differ appreciably from the bright coals, as far as was shown by 
tumbler and shatter tests. However, it is believed that cokes.from the medium- 
and low-volatile-group coals will be more sensitive to change in type of coal 
tran those of.the high-volatile group. Unfortunately most of the coals that have 
been tested in the low- and medium~-volatile groups are bright coals. 


linding new supplies of coking coals in the Western States, drill cores from 
coal beds in Sanpete County, Utah, were examined and compared with a column 
oi coal from the Lower Sunnyside bed, Horse Canyon mine, Emery County, 
Utah. Complete cores were received from bed A and bed B, and part of a core 
was received from bed E. The cores from beds C, D, and F were crushed 
tadly and were unsuitable for microscopic examination. Figure 1 shows the 
arill core from bed A, and figure 2 shows that from bed B. The cores were 
used for carbonization tests and microscopic examination. 


The microstructure indicates little difference in the carbonizing properties 
of beds A, B, and E, because the average proportion of components is about.the 
same for each bed. The difference between the carbonizing characteristics 
of these beds and those of the Lower Sunnyside bed from the Horse Canyon 
mine may be attributed to difference in both microstructure and rank of coal. 
Tne Lower Sunnyside is a higher-rank coal, as measured by oxygen and total 
carbon. On the other hand, beds A, B, and E all contain more volatile matter, 
rrobably owing to the high resin content of these coals. It is believed that the 
resins increase the agglutinating value over that of a normal coal and con- . 
tribute to the fingery structure of coke that was obtained. 


_ Analyses of the coals and results of coking tests of the samples from a 
single hole are given in table 3. These data were confirmed by examination 
and testing of cores from other holes. 


Calculation of the ash in volatile matter-free coal shows that the lower beds 
contain too much ash for making coke. The coals, containing much resin and 
little fusain and opaque matter, should hydrogenate easily and completely. 
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TABLE 3. - Core-drill samples of coal from Mount Pleasant, Utah 


__ Bed designation 


THICKNSSS: ssakaidawesmeemeees NC les. 
Dep aguiesdrenss Syenué-coamonsteuite feet: | 
Analysis, as carbonized .. . percent: 
Proxirnate: | | 
MOIStUPS “a eatuiiies ss anereetacteeranes Ora | Bai Se 4,7 
Volatile matter wesc sciped: 45.2 142.3 143.0 | 42.9 | 42.2 
Fixed carbon rrr errr 45.5 148.9 i45.5 | 45.3 | 43.9 
POS? Potietniae stance ncauneesemelosaees oPoae mere | 3.4 8.6 2 
Ultimate: {| | 
SU ceaanineneataieeaesacaeneticene 6 | 8 8 6 5 
Agelitiny sane inder, Pane: Lol scwcd 4.5 | 4.8 4.5 300 4.4 
Yield of ecke at 900° C .... percent .| 58.9 [59.8 {60.3 | 60.3 | 61.1 
Physical proverties of coke: | | 
Apparent specific gravity ...ceseee. 68 .70 | .74 .69 10 
L-inch tumbler index ..scccsecesen 10.4 [13.8 [17.7 | 23.6 | 161 
11/16-inch tumbler index .......00. 38.9 153.0 [143.4 | 43.8 | 41.2 
PeINC Sia (ler ING... wecusswiaadoenans 47.0 | - - {| 58.0 { 57.2 


Relation of Pctrogranhy to Hydrogenation Properties of Iowa Coal 


Five representative coals from Appanoose, Boone, Page, Dallas, and 
Webster Counties, lowa, were examined microscopically. All of these coals 
had a fairly high ash and sulfur content and on this ground alone probably 
‘would be rejected for large-scale hydrogenation tests. Coal from Mystic bea, 
Appanoose County, would be most suitable for hydrogenation, as it has a mec- 
ium concentration of opaque matter and fusain, the components that are dif 
ficult to liquefy. The other four coals have a fairly high concentration of the: 
constituents, especially fusain. 


Mineral Matter in Coal 


An investigation of the microscopic forms of mineral matter in coal wes 
conducted on more than 3,000 thin sections of coal. These sections were ™m* 
from more than 100 beds representative of coals in the United. States. The 
rank of the coals that were investigated extended from peat througn the low- 
volatile bituminous.¢¢ 


a 

22/ Sprunk, G. C., and O’Donnell, H. J., Mineral Matter in Coal: Mining 
Cong. Jour., vol. 28, 1942, op. 20-23, 72. Mineral Matter in Coal: 
Bureau of Mines Tech. Paper 648, 1942, 67 pp. 
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The investigation was concerned mainly with the microscopic forms of 
mineral matter in coal. The larger impurities, such as the shale bands, 
ovrite impurities, ankerites, and materials of similar nature, havc been 
correctly identified and described in several recent publications;s/ ‘but the 
microscopic forms of mineral constituents are more difficult to identify, and 
there is a survrising small amount of information in the literature on this 
tyre of impurity, although its importance is recognized. 


The minerals commonly observed in the thin sections were kaolinite, 
vyrites, calcite, quartz, and siderite. Several accessory minerals were noted, 
esvecially in high-ash coals, bone coals, and shale partings. 


Kaolinite occurs in cleat joints, small cracks, fusain, resin rodlets, 
attritus, or ground mass of coal and in irregular impure masses: embedded 
within the coal. Kaolinite is a common mineral in high-ash coals, bone coals, 
2nd afew clay and shale partings. Figure 3 shows typical masses of white - 
xadlinite crystals lodged in the attrital debris between bands of anthraxylon. 
Under the microscope some of the flocks of kaolinite reveal the typical vermic- 
ular structure of kaolinite crystals. , 


Iron pyrites occur in lenses and bands, balls or nodules, veins, pyritized 
fossil, and finely disseminated particles. A large part of the total pyrites in 
coal occurs in the finely disseminated form illustrated in figure 4. 


Calcite exists as veins in coal, particularly in the clcats and fractures; 
itis found also in fusain and in the ground mass of calcareous clay and shale 
cartings. 


siderite occurs as nodules and as impure lenses and bands. Many of the 
nodules are miniaturc coal balls; that is, they contain petrificd or carbonized 
cant material. Similarly, as in kaolinite and calcite, siderite may occur as 
‘illings in the cavities of fusain and as smali veinlcts within the coal mass. 


Quartz is especially common in high-ash coals and bone coals. The 
quartz grains occur mostly in the attrital dcbris along with such constituents 
aS Spores, resins, opaquc matter, woody fragments, and leafy tissues. 


Putrographic study of mincral matter in coal will have practical adaptation 
in planning an intelligent program of improving fucls by selective mining or 


23/ Moore, E. S., Coal: John Wilcy & Sons, Inc., New York, 1940, 473 pp. 
Raistrick, A., and Marshall, C. E., The Nature and Origin of Coal and 
Coal Scams: English Universities Press, Ltd., London, 1939, 282 pp. 
Stutzer, O., and Noe, A. C., Geology of Coal: University of Chicago 
Press, Chicago, 1940, 461 pp. 
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mechanical cleaning, for the petrographic microscope not only revcrls the kint - 
of mincrals but also shows the approximate vroportion, the grain size, andthe © 
exact manner in which they are associated with the coal. When a demand 
arises for “‘nure coal’’ (coal with 1 percent or less ash) the microscope is 
certain tc play an imvortant part in selection of the purest coal. Microscopic 
examination of mincral matter in coal has salrca dy disclosed layers of coal of 
surorisine purity in certain beds. © 


A 


lutinating-Value Test for Coal | 


The agglutinating-value test is a small-scale laboratory test intended to 
give information regarding the coking and caking properties of coal. Investi- 
gation has shown that itis extremely Sensitive to differences in surface 
characteristies and shape of various kinds of inert materials used. In partic- 
ular, sands froin various sources give widely different results with the same 
coal. Individual shipments of sand from the same source also may show 
marked differences. Investigation cf various manufactured materials has not 
disclosed any that are sufficiently uniform so that different 1>ts can be relied 
upon to give identical results. In general, silicon carbide is the most satis- 
factory of the manufactured products investigated. ‘The practical solution of 
the problem probably is to have someone stock a large amount of well-mixed 
inert material, such as sand or siliccri carbide, and act as a seurce cf supply 
for all laboratories. Silicon carbide probably is a more generally uniform 
material than sand. , | 7 


COAL MINING 


Experimental Coal Mine 


Causes of Falls of Mine Roof 


The first phase of the isuaaieiny investigation on the effects of changes of 
moisture and temperature in mine-roof rocks above the Pittsburgh coal bed 
was cornpleted. The results indicate that: (1) Exposed rocks of the carbona- 
ceous shale type are affected adversely by variations of humidity in the atmos- 
phere that cause alternate drying and humidification of the rocks: (2) Normal 
variations of temperature heve little or no effect on the strengtn and behavior 
of the rocks; (3) proper application of certain asphaltic or coal-tar-base | 
paints greatly reduces the interchange’ of moisture between air and rocks and 
has a beneficial effect on the behavior of the roof;: (4) reduction of changes oi 
humidity in the air by some form ore air conditioning may be of value in reduc- 


24/ Selvig, W. A., and Ode, ‘W. Hi, Inert Material for Agglutinating-Value 
Test of Coal: Ftel,:vol.:21, 1942 , Dp. 46- Ole 
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ing these difficulties in some mines. The work was extended to include rocks 
ee three mines in West Virginia. The results of these tests did not modify 

tre general conclusions but showed that a wide range of susceptibility to 
changes of moisture is to be exnected. 29) 


Operators have shown much interest in methods of preventing falls caused 
cy changes of humidity, and several have adopted the practice of painting 
roois in entries, seemingly with good success; at one mine in West Virginia 
an air -conditioning system was installed to reduce the deposition of moisture 
en the roof during the summer. 


Multipie-Shift Mechanical Mining 


Loading coal mechanically on more than one shift is advantageous, but 
rroper precautions should be taken to preserve the safety of operations. Large 
investment is required to equip a mine for mechanical mining, and if the daily 
cutput can be produced over two_or more shifts with the same equipment the 
capital charge per ton is lower. 


Rapid extraction from a given area by multiple shifting should result in 
sreater recovery, that is, in conservation of coal resources. Roof conditions 
caus se less trouble where extraction is accelerated, as the coal is removed 

vefore the full effects of roof action become operative. The rapid development 
of fresh faces of the coal bed, however, increases the hazard due to accum- 
uation of dust and increased bleeding of inflammable gas into working places. 

Ones considered nongaseous because of slow advance of the working faces in 
rand-loading methods may produce dangerous quantities of gas when advance 
is rapid under mechanized operations. This hazard should be recognized and 
croper precautions taken to safequard the men. It is important to provide the 
same amount of supervision on all shifts. Al! working places should be ade- 
quately rock-dusted. 


The thickness of coal beds has an important influence upon the output of 
ceding machines. This study indicated that the rated capacity cf loading mach- 
ines is rapidly approached with increased thickness of bed. Larger tonnages 
-st Cut from thicker beds result in fewer changes of working place, and more 
time is made available for loading. There is more coal per linear foot of face, 
ad the time required for maneuvering machines is lessened. 


nr 

=/ Hartmann, Irving, and Greenwald, H. P., Effect of Changes in Moisture 
and Temperature on Mine Roof: 1. First Report on Strata Overlying the 
Pittsburgh Coal Bed: Bureau of Mines Rept. cf Investigations 3588, 
1941, 40 pp. 

ae/ Toenges, Albert L., and Maize, Earl R., Multiple-Shift Mechanical Mining 
in Some Bituminous- Coal Mines. Progress Report 3: Bureau of Mines 
Inf. Circ., 7178, 1941, 43 vv. 
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An advantage is indicated for lcading coal by mobile loading machines 
conto conveyors in moderately thin beds where the roof does not require ex- 
cessive timbering. This practice allows cars to be loaded in trips ona 
brushed entry. Thus, larger cars can be used than is possible if cars were 
taken into rooms for loading; or a number of small cars can be loaded as a 
unit, and the time lost in changing a large number of individual small cars is 
reduced. The use of a hopper at the inby end of the conveyor at one mine 
reduces spillage at the loading point and lessens the amount of coal that 
_ must be shoveled by hand. The use of this hopper also increases the area 
into which the rear conveyor of the loading machine discnarges, thus in- 
creasing effective loading time and decreasing the time lost in maneuvering 
the rear conveyor. 


The atmosphere in the working place is freer from dust wnere water 
is used on the coal before cutting and loading; this practice should also in- 
crease the efficiency of miners. 


The study indicates that mobile loading machines are best-suited to com- 
paratively level beds with favorable physical conditions. Fragile roof that . 
requires excessive timbering usually results in a slower rate of loading and 
reduces the tonnage per man because of the additional men required with cach 
crew to maintain the working place in safe condition. ' 


Conveyors are adapted to working thin beds, especially in mines using a 
long-wall or long-face system of mining. To obtain meximum tonnage per 
man, enough entry development should be maintained to permit a high provor- 
tion of production from walls. Ther should be proper balance between wall 
and development tonnare. 


The advisability of working a mine two shifts a day to obtain optimum 
results is recognized. For safety of operation, however, the same quantity 
and quality of supervision should be given on all shifts. The third shift 
should be used for maintainence of equipment, extension of track, tirnbering. 
extension of ventilating circuits, and general mine maintenance. The rapid 
advance of working places that results from mechanized mining on two shifts 
allows little time during production shifts for permanent mine maintenance. 
This work can be done more efficiently and economically on the third shift. 


Use of Diesel Locomotives in Mines 


For several years the Bureau of Mines has been investigating the use of 
Diesel locomotives underground in mines and tunncls. At the outset these 
studies were directed toward assisting the development of a flameproof Diesel 
locomotive that might be safer than the exceedingly hazardous electric-trolley 
locomotive. However, recent conditions have broadened application of the 
investigation. For example, flame-proof Diesel locomotives can be used in 
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nazardous areas in ordnance and synthctic rubber plants where sparks from an 
electric trolley or steam locomotive misht increase explosion hazards. Fur- 
thermore, the use of Diesel locomotives underground will conserve the stra- 
tezic materials copper and rubber and in many instances obviate the instal- 
lation cf additional electric generating equipment. 


The safe use of Diesel engines underground depends upon: (1) Elimination 
ci the nealth hazards due to the discharge of harmtul and objectionable gases 
trom the exhaust of the engine intc the underground workings; (2) climination 
of the explosion hazard if unprotected engines were operated accidentally or 
unknowingly in inflammable atmosnheres; and (3) elimination of fire hazards 
in handling combustible liquids underground. 


Studies to determine the effect of different operating conditions on the com- 
cosition of the exhaust gases produced ty Diesel engine 2l/ indicate that car- 
. monoxide, oxides of nitrogen, carbon dioxide, aldehydes, soot, and oxides 

ot Sulfur are constituents of the exhaust capable of creating harmful and objec- 
ticnable atmospheres. However, the tests show that under the conditions in- 
vestigated the health hazards resulting from the discharge of these constit- 
uents inte the underground atmosphere can be eliminated if adequate venti- 
lation is supplied. 


The test results also have been applied to seyces of engine performance 
and to studies of combustion in Diesel engines.= 


EBauipment for Testins Diesel Ernvines 


In the past year, equipment was installed for studying the operation of 
Ciesel engines in inflammable atmospheres under conditions simulating those 
that right exist underground. Preliminary tests were made in a program to 
evaluate operating hazards under such conditions and to develop methods for 
testing the effectiveness of flame protective devices. 


cl’ Elliott, Martin A., Holtz, John C., Berger, L. B., and Schrenk, H. H., 
Diesel Engines Underground. III. Effect on Exhaust-Gas Composition 
of Operating Engines in Mixtures of Normal Air and Natural Gas: 
Bureau of Mines Rept. of Investigations 3584, 1941, 50 pp. 

£2, Elliott, Martin A., and Berger, L. B., Studying Combustion inDiesel 
Engines by Addition of Gaseous Combustibles to Intake: Paper presented 
before Gas and Fuels Div., Am. Chem. Soc., Memphis, Tenn., April 20- 
24, 1942: Ind. Eng. Chem., vol. 34, 1942, pp. 1063-1071. 
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The equipment for studying the operation of Diesel engines in inflammable 
atmospheres is illustrated in figures 5 and 6. The essential parts of this 
equipment are: (1) The testing chamber, known as the Diesel gallery; (2) 
tne blower and duct system for supplying and maintaining an inflammable 
atmosphere in the gallery; (3) tne control room containing the engine controls, 
gas-control valves, blower control, and dynamometer. 


The Diesel gallery in which engines can be operated while completely 
surrounded by an inflammable itmosnhere is a 7- by 7- by 10-foot chamber. 
The front end is closed by a paper diaphragm covering a 5- by 5-foot opening, 
as shown at the richt in figure 5. Faver diaphragms also close eight 20-by 30- 
inch openings on the sides and top. The diaphrarsms rupture and permit escape 
of burning gases when the contents of the gallery are ignited. Engines can be 
mounted inside the gallery, and the exhaust gases may be discharged either 
into the gallery atmosphere or into the outside atmosphere. Similarly the 
intake air of the engine may come either from the atrnosphere in the gallery cr 
from the outside atinosphere. 


The inflammable atmosphere surrounding the engine is a mixture of nat- 
ural gas and air. To keep this mixture inflammable it is necessary to dilute 
and remove from the cmmber exhaust gases discharged by the engine. The 
blower and duct system for accomplishing this is shown in figure 5. One safe- 
ty, feature of this system is the provision for making the circulating mixture 
nontlammable before it is discharged into the outside atmosphere. 


The engine, blower, and gas flow are controiled from behind a barricade 
wall, which is the end wall of the control room (the larger structure in figure 
0). These controls, as well as the dynamometer and gas-sampling equipment, 
are Shown in firure 6. 


Studies of the operation of Diesel engines in inflammable atmospheres 
have as their objectives: (1) Determination of the conditions under which a 
Diesel engine will ignite an inflammable atmosphere; and (2) development of 
methods for testine the effectiveness of flame-nrotective devices to prevent 
such ignitions. During the nast year, studies were confined to the first of 
these two asvects of the problem. 


Preliminary tests in the gallery showed that the exhaust gases frome 
Diesel engine could ignite an inflammable natural gas - air atmosphere under 
certain engine operating conditions. In all tests in which ignition was obtained, 
the engine was operated at fuel:air ratios on the rich side. These conditions 
are abnormal for a vroperly adjusted Diesel engine, but they could obtain either 
with a malfunctioning engine or if an engine accidentally encountered high con- 
centrations of combustible gas in an underground atmosphere. Ignitions were 
not obtained when the engine was operated in the range of fuel:air ratios for 
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Figure 6.— General view of controls, dynamometer, and gas-sampling arrangements for Diesel gallery. 


Digitized by ( 5OK gle THE OH Spesiaein VERS 


IoC teed 


which it was originally adjusted hy the manufacturer (fuel:air ratios less than 
C 049 pound per pound). In this connection it is interesting to note that.in one 

test no ignition was obtained durin 2-1/2 hours operation at maximum speed 
a Icad. 


The operating conditions that caused ignition of the inflammable atmos- 
phere by the exhaust gases from the engine were as follows: 


1. The engine was operated at full throttle (aaximum quantity of fuel per 
stroke of fuel pum») and with the intake consisting of normal air taken from 
cutside the gallery. The intake of the engine was throttled progressively, and 
an ignition occurred when the pressure in the intake manifold was 37 cm, of 
reercury below atmospheric. Under these conditions the fuel:air ratio was 
approximately 0.08 pound per peund. 


2. The engine was operated ai full throttle, and natural gas was added 
orcgressively to the intake, which was taken from outside the gallery. Engine 
scecd was maintaincd constant. The inflammable atmosphere in the gallery 
-“nited when the concentration of natural gas in the intake was between 6 and 
1 percent. 


Conditions outlined under (1) could occur in practice if the air-cleaner or 
intake passages of an engine became clogged. Conditions outlined under (2) 
vould occur if an engine operating under load were to encounter an inflam- 
mable atmosphere. Ignitions were reproducible by either method, and the 
results therefore emphasize the necessity of providing flame- protective 
asviccs for Diesel engines that might operate in inflammable atmospheres. 


As yet no conclusive information is available on the ignition hazard 
rzsented by the air intake of the engine or by hot-engine surfaces. 


Consumption of Fower at Coal Mitines 


Increased mechanization of coal mines has emphasized the need for study 
i tie actual consumption of power by the various m2ichines employed in the 
crcauction of coal and losses in the distribution of power to these machines. 
fucse studies are being made in order that hazards, excessive use of power, 
ad aigh cost of maintenance of equinment resulting from these losses may be 
saiyeed and eliminated. Research on the use of electricity in mines bogan 
ae ae a study of individual machines of various types under cperating conditions 
“modern coal mines. Freliminary studies have been made at two mines.£2 


= Jones, F. A., Thomas, Es Maize, E.R., Toenges, A. i.., An Analysis 
ol Fower Com sumption at Coal Mines. 1. Preliminary Study: Bureau 
of Mines Reot. cf Investigations 3015, 1942, 20 pp. 
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Tests were made on main-line lccomotives, mobile loading machines, 
scrapers, conveyors, and cutting mnachines. Come cf the results of the study 
are summarized as follows: 


1. Dirty haulage roads increase transportation hazards, make poor power 
returns, cause excessive peak leads and power consumption, and affect the 
voltage at the face. Moreover, fewer cars are transported ver trip, and treve: 
is Slower than if the track were clean. 


2. Rehandling of coal, necessitated by the system of mining, increases 
the power consumption of mobile loading machines per ton and causes loss 
in time and production, 


Current supplied at low voltage reduces the rate of loading. 


The practice of using conveycrs or other equioment as a return is both 
inefficient and unsate. 


3. The effect of the condition of mechanical equipment cn power con- 
sumption of scraper hoists is indicated in the tests of development of two 
down holes. 


The length of the walls and size of scoops appeur to be maximum for the 
size of hoist motors used. 


4, Losses of power due to poorly insulated cables are shown by one test. 
These losses result in high operating costs and hazardous conditions. 


Inspection of Flectrical and Mechanical Mining Equipment 


The Bureau of Mines has two objectives in studies of electrical and mech- 
anical mining equipinent:. 


1. To determine by inspection and test whether the construction of elec- 
trical equipment for coal mines will minimize hazards of shock and ignitions 
of gas and dust by electric srarks.8Q | 


a. To study hazards connected with the operation of mechanical equipment 
in mines and means for climinating such hazards to men working with or 
around this equipment. 

30/ Ilsley, L. C., Gleim, E. J., and Brunot, H. B., Inspection and Testing ctf 
Mine-Type Electrical Equipment for Fermissibility: Bureau of Mines 
Inf. Circ. 7185, 1941, 21 pp. 

31/ Isley, L. C., Detailed Study of 60-Day Nonfatal Underground Accidents in 
Pennsylvania Bituminous-Coal Mines During 1939: Bureau of Mines 
Inf. Circ. 7176, 1941, 36 pp. 
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Formal approvals were issucd during the year giving pcrrissibility to 23 
electrically operated motor-driven machines, including 10 conveyors, 3 load- 
ing machines, 8 storage-battery-opcrated cars for transpcrting coal, 1 
mining machine, 1 truck for conveying mining machines, 1 machinery-moving 
unit, 1 electric drive for blower, 1 pump, and 2 rock-dust distributors. In 
addition, numerous extensions of approvals were granted, authorizing changes 
in permissible equipment.+4 


The protection afforded against ignition of gas and dust by a machine ina 
coal mine depends upon the proper wiring between and assembly of the various 
clésctrical units as well as upon the construction of the units themselves. Itis 
therefore the Bureau’s policy to approve a machine as an assembly rather than 
to approve the separate units, such as motors and controllers, used on the 
machine. However, to encourage the development of such separate units by 
electrical manufacturers, the Bureau issues ‘‘Icttcrs of suitability’? to manu- 
facturers covering units that meet the inspection and explosion-test require- 
ments. Thus, many assemblers of permissible machines nave been saved the 
expense of designing and building exvlosion-proof parts. During the year, 
letters of suitability were issued for five motors, one resistor box, and one 
cusn-button station. 


During the investigation of complcte machines, as well as of individual 
carts, 1,865 explosion tests on 78 compartments were inade in the testing 
callery. 


The investigation of a dry~celi-type cap lamp in several models was com- 
cleted, and official aporoval of this lamp was granted. Exarnination and test of 
modificd parts of permissible lamps led to extensions of approvals allowing 
the use of the modified parts. From time to time, studies of ficld performance 
of lamps and cther permissiblo equipment are made.33/ These studies are 
essential to determine the adequacy of laboratory investigations. 


The investication of two modcls of methane detectors powered by cap- 
lamp batteries was completed, and formal approvals cevering them were 
cranted.34/ Permissible methane detectors bclonging to rederal mine inspec- 
tors were checked for accuracy. 


32/ Isley, L. C., List of Permissible Mine Equipment Approved to January 
1, 1942; Bureau of Mincs If. Circ, 7207, 1942, 35 pp 

538/ Hooker, A. B., Field Per formance of Permissible Electric Cap Lamps: 
Bureawol- Nines Ii: Cire. (158, 1942. 11 pp. 

24 Llsley, L. C., Hocker, 4.B. Permissible Methane Detectors: Bureau of 

Mines Rept. of Investigations 36438, 1942, 10 pp. 
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Samples, drawines, and data covering changes in permissible single-shot | 
blasting units were examined, and anprovals were officially extended to include. 
those changes. Oscillograrh studics of three shunt-wound, multiple-shot 
blasting machines of the push-down type were made to determine firing char- 
acteristics. A paper describing ncrmissible single- and multiple-shot blast- 
ing units was published.29/ 


— 


EEXplosives lor Use in Coal Mines 


To insure continued safc characteristics in rermissible mining explosives - 
the Bureau has made 111 chemical analyses, 58 gallery tests, and 673 contre! 
tests of a physical nature. There are ae exvclosives and 9 blasting devices 
(Cardox) on the active vermissible lists.2/ The ratio of permissible exrlo- 
sives to black blasting powder used during the year was 1.4:1. The total 
amount of explosives used for coal mining in this pericd was approximately 
174,000,000 pounds. | 7 


Liguid-Oxyren Bxnlosives 


Numerous tests in the open, with many violent igniting agents and smail 
or large cartridges or small quantities of the treated LOX (liquid-oxygen 
explosives), or ammonia dynamite, showed them to be noninflammable. When 
large, practical cartridges of treated LOX were tested in the open, some pror- 
agating reactions were induced by the most severe igniters emplcyed. When 
these large cartridges of either treated LO™% or ammonia dynamite were teste: 
in drill holes, some detonaticns resulted from inflammation by large igniters, 
however, these detonations occurred after delays and warnings that would have 
induced nearby workmen to leave the danger area. 


Although these data corroborate the earlier indicaticns that virtual 
immunity to practical hazards of ignition may be conferred upon LOX by fire- 
retardant treatments, they also emphasize the fact that the potentialities 
common to all high explosives remain as long as such treatments do not 
destroy the explosive properties of the systern. Furtherrnore, despite the 
extreme measures employed to induce inflammations in the explosives tested 
and despite the fact that any such violent igniting actions are unlikely tc be 
met in the field, the occurrence of ignitions with the large charges and the 
development of detonations from such itnitions under practical confinement in 
drill holes emphasize that the recornmended use of fire-retardant treatmenis 
35/ Ilsley, L. C., Hooker, A. BK. Ferinissible Blasting Units: Bureau of 
Mines Rept. of Investigations 3598, 1941, 14 pp. 

36/ Tiffany, J. E., and Gaucler, %. C., Active List of Permissible Expicsives 
and Blasting Devices Approved Frior to June 30, 1941: Bureau of Mines 
Rept. of Investigations 3583, 1941, 23 pp. 
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for LOX should for safety be undertaken with no relaxation in the necessary 
re oi these or any other explcesives from hazards of accidental igni- 


tion. 
Carconaceous Blasting Accesscries 


Toxic gases in the products from the detonation of explosives are hazards 
in biasting underground. Bureau of Mines investigations have shown that the 
oxygen balance cf the explosive is an important factor in controlling toxic 
sases. This balance is considered in determining the composition of modern 
rnetal-mining explosives for blasting underground, and application of the con- 
ceot has reduced the volume of tcxic gases generated. The chemical nature ot 
the material being blasted also influences the composition of the toxic gases 
rroduced. Under some conditions of blasting in massive pyrite, unsafe con- 
centrations cf sulfur dioxide and hydrogen sulfide have been found. Experi- 
ments with the Crawshaw-JonessY apparatus have shown that there is an 
wcrease in the volume of carbon monoxide in the gaseous products when per- 
rissible explosives are detonated in contact with coal dust. Thus, reactive 
materials of a reducing nature adjacent to explosives loaded in drill hcles may 
decrease the effective oxygen balance of the explosive and cause the volume of 
icxie gases to increase. Several blasting accessories of reducing nature have 
ceen introduced recently for use in coal or metal mines or tunnels. In prac- 
tice these are loaded adjacent to the cxplosive, where conditions favor reaction 
with the products of detonation. 


Compereative tests ina Crawshaw-Jones apparatus have shown the eitects 
= three stemmings (including two stemrning devices or ‘‘blasting plugs’’ and 
impregnated cottonlike substance) and a wooden detonatcr shield or “‘saf- 
ct - vrimer’’ on the gaseous products frcm explosives having three widely dif- 
Icrent oxygen balances. Every accessory caused a marked increase in the 
en e of gaseous products, particularly of carbon monoxide; this increase was 

iy proportional to the weight of the accessory. Other tests in which vari- 
cuS Welgnts of two of the carbonaceous accessories were used with a fixed 
welght of explosive suggest important increases in the total volume of gases, 
rerticularly of carbon monoxide, despite the use of relatively low proportions 
ot accessory. It is concluded that the use of such devices in blasting under- 
sround aay in some instances lead to increased hazards from carbon monoxide. 
ire use of these accessories with a normally low fume metal-mining explosive 
SAVE the greatest increase in the volume cf carbon monoxide formed. As such 


: 


<'/ Denues, A. R. T., Practical Fire-s sensitivity of Liquid-Oxygen Explosives 
Treated with Fire-Retardants: Bureau cf Mines Rept. of Investigations 
3505, 1941, 6 pp. 

<3/ Crawshaw, J. E., and Jones, G. W., Effect of Coal Dust on the Gases 

Resulting from Detonating Permissible Exvlosives: Coal Age, vol. 1380, 

1928, pp. 906-908. 
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explosives are recommended where ventilation is poor, the use of biasting 
accessories of the type considered mav introduce hazards through failure to 
recognize the drastic alteration imposed by the accessory on the normal gas- 
eous products from the explosive. Broadly, the results show that greater 
volumes of toxic gases may result when any stemming or other accessory cf = 
reducing nature, capable of reacting in the explosion, is used in loading. Wh: 
ventilating conditions are such that toxic gases are not removed promotly, itis 
recommended that the use of such stemmings or blasting accessories be 
avoided. 2Y/ 


Ventilation ci Coal Mines 


Underground conditions that require ventilaticn are reneral foulness of ins 
mine air caused by the presence of decaying organic matter, emanations fror 
the lungs and bodics of workers and animals, quantities of dust, or low con- 
centrations or toxic or noxious sases 40 | 


The Bureau of Mines makes the following at ec regarding tre 
quantity of air to be supplied to underground workers: 


The quantity in cubic fect per minute of pure air in any split, 
circulated through the last open crosscut, should te not less than 
200 times the number of men working in the section, and as much 
more as may be required. 


| The quantity of air reaching the last open crosscut on any rair 
of working entries, headings, or gnngways, or the maximum inky 
point of a split should be at least 6,000 cubic feet per minute. 


The quantity of air rcachinge the face of each working place 
should be at least 200 cubic feet per minute per inan empioyed and 
as much more as may be necessary to dilute and carry away any 
inflammable or harmful gases that may be present, 


All entries, rooms, panels, or sections that cannot be kert 
well-ventilated throughout and regularly inspected, or that are not 
being used for coursing the air, travel, haulage, or the extraction 
of coal, should be sealed by strong, fireproof stonpings and provid- 
ed with some rncans cf bleedinzg-off the gas into the return. 

39/ Holtz, John C., and Murphy, E. J., Effects of Carbonaceous Blasting 
Accessories on Gaseous Products from Explosives: Bureau of Mines 
Rept. of Investigations 3641, 1942, 24 pp. | 

40/ Sayers, R. R., Health Hazards from Inadequate Coal-Mine Ventilation: 
Bureau of Mines Inf. Circ. 7221, 1942, 13 op. 

41/ Bureau of Mines, Tentative Coal-Mine Inspection Standards: Bureau of 

Mines Inf. Circ. 7204, 1942, 48 pp. | | 
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Fires in Anthracite Mines 


In firhting mine fires, it is necessary to know at the earliest vossible 
coment and continuously thereafter what is happening at the seat of the fire, 
snich may be in a remote or inaccessible area, and also to know what may be 
o) spe cted to result from any proposed combative measure. Based upon know- 
‘ed-e of combustion reactions, a chemist can supply information on such factors 
18 the composition and toxic or asphyxiating properties of the atmosphere in 
wuich men may be working, whether the fire is increasing or decreasing in 
intensity; and its probable temperature, the arty, of air admitted by leakage, 
and the possibility of explosions in the fire area. 


FREPARS'TION OF COAL 
Removal of Phosphorus from Washington Ccal 


Coke of low pnosphorus content is required in the electrometallurgical 
industries recently attracted to the F'acific Northwest by its supply of cheap 
"yaroelectric power. Because little was known about the phosphorus content 
st Washington coais, the Bureau of Mines and the University of Washington 
intly undertook an investigation of its occurrence and its elimination in 
coal preparation. The work deait chiefly with the coals of the Wilkeson-Car- 
ocnado and Roslyn~Cle Elum fields, for they are the ones likely to be used in 
“axing metallurgical coke. All of the coals studied contain, in the as-mined 
condition, more phosphorus than can be tolerated for certain uses. Moreover, 
in many of the beds the phosphorus is distributed throughout the coal substance 
self and therefore cannot be eliminated by orcinary coal-washing methods. 
the No. 2 and No. 3 beds of the Wilkeson-Carbonado field, however, the 
“csphorus is concentrated largely in heavy impurities, and large-scale lab- 

‘ratory tests demonstrated that the phosphorus content of these coals can be 
‘educed to as low as 0.04 percent by washing - well within the limit specified 
y all but the most discriminating electrometallurcical industries. 


Drying Subbituminous Coal and Lignite 


The Bureau of Mines and the University of North Dakota have cooperated 
na technical investigation and economic study of the Fleissner process for 
rying coal with high-pressure steam. These studies show that American high- 
ee ee ee RET Se ee ee eS ee EE eee Ree eR renee eee 
~ Scott, G. S., Mechanism of the Steam-Carbon Reaction: Ind. Eng. Chein., 

_ vol. 33, 1941, pp. 1279-1285. 

2 Scott, G.S., and Jones, G. W., Application of Chemistry in Combatting 
Anthracite Mine Fires: Trans. Am. Inst. Min. and Met. Eng., vol. 149, 
Coal Division, 1942, pp. 207-217. 


GAG 


eS) a ae 


Google 


IC. 7241 


moisture coals can be dried successiully to increase their gross heating value 
30 to 00 percent. The action of high-pressure steam on coal apparently results 
in a change of structure and reduction of slacking property. 4Y, 40 


North Dakota lignite, dricd at temperatures corresponding to 400 crounds. 
steam pressure, has a gross heating vaiue of 10,000 B.t.u. per pound. Subbitu- 
minous coal, Gried under the sarne conditions, has a gross heating value of 
12,000 B.t.u. per pound. Tne imoroveinent in heating value is proportional 
to the 0.15 power of the absolute steam pressure. 


Tne estimated cost of a small plant having a capacity of 2CO tons per day 
is $990,000, and the estimated cost of a plant having a capacity of 4CO tons ver 
day is $104, OOO. Itis estimated that the cost of drving in the 4CO-ton plant 
will be 65 cents per ton of raw coal entering the autoclaves and tie cost of dry- 
ing in the 200-ton plant will be 98 cents per ton of raw ccal. 


Application of the Fleissner rrocess for drying ccal for industria: pur- 
poses was estimated by determining the savings in freight rates on the water 
removed from the coal. ‘These etudi-vs indicate that when the cost of drving is 
66 cents per ton of raw coal the proccss will be economical for most markets 
beyond 250 miles from the rnine or where the freight on lignite is more than 
$1.50 per ton and the freight on sukbituminous coal is more than $2.00 per ton. 


Prenaration of Pulverized Coal 


g, but the results either 
are expressed in terms of gross power consuined and consequently are influ- 
enced by the unknown efficiency of the machinery or arc express as an abstract 
‘“‘erindability index.’’ Such data for the most part fall short of the ultimate 
goal - determination of the net energy consumed in grinding a substance to a 
Specified size. Frequently, in thosc tests only the most easily greund portion 
of a certain size of the feed material is ground and this to a sine that may be 
much different from that desired in a commercial operation. Further, the 
method of grinding employed in some of the tests in no way simulates com- 
mercial practice. 


Many years have been spent in research on grinding 


44/ Harrington, L. C., Farry, V. F. and Koth, Arthur, Technical and Economic 
Study of Drying Lignite and Subbiturninous Coal by the Ficissner Process: 
Bureau of Mines Tech. Paper 638, 1942, 84 pp. i 

45/ Parry, V. F., Harrineton, L:. C., and Koth, Arthur, The Prevaration ot 
Stable Nonslacking Fucl by Stcam-Drying Subbitumine us Coal and Lignite: 
Trans. Am. Soc. Mech. Eng., vol. 54, 1942, pp. 177-183. 
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Figure 7.—Laboratory grinder with force recorder for 
continuous measurement of net power. 
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A ary pulverizer for test nurnescs sees i will reduce 3/4-inch material 
to sizcs suitable for pulverizad-coul burners.2yY Cubsieve sizes may be 
cvroduced, if cesired. The metucd simnuwetes inodern comincrcial practice in 
trat continucus grinding in closed circuit is eccomplishid by means of air 
s.raretion and the Cottrell vrrecinttator. This systcin causes a balanced cir- 
cuating load to deveion, witnout which accurate pow or meesuremcnt is impos- 
sible, particularly on. acte rogoncous matcrisls. Aicree recordcr tnat is an 
sategral part of the mechine provides for the menasurercnt of the nct energy 
consumed. No corrections tor loss cus to friction are involved in the power 
measurement. Oneraticn ci tic machine has o.so 0¢c1 very gratifyine in the 
“rinding of other matcriais, such 1s cement cilaicr, grapnite, kaclin, limestone, 
raica, oil shale, taconite, and topiz. The withuaate aetree of fineness to which 
vc meacnine is capable of grinding has nct been determined, but a relatively 
Car sSe muscovite mica has heen ground in the pulveriner to a mean particle 
He Ol ceo TILCr Ona. This is soracwhat finer than tic product frorn the same 
xd in 4 coramercial ‘‘micronizcr.’”’ It is bzticved that this cnorgy-measuring 

erizer will point the wuy to new eCCnOr fo cra mies! erindinss in the range from 

t 10-mesh down to and including the ‘‘suncr-fine’”’ sizcs. The pulverizer 
ies in figure ‘7. 


= 
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Manufacture of Activated Cartcon from Coal a ind T 2CTUSE 


The utilization of coal and conl refuse as raw mnatcrial for the vroduction 
cl activated carbon was studied. The carbon wes activatcd for the specific 
rurnose of decclorizing raw-susur solutions. Virst the conl is carbonized at 
5.0° G. in a covered iron retort, which ailows free escape of volatile matter 
and minimises oxidation. This prelirainary heatinz drives off the smoke, tar, 
and oils, which would foul the discharge end of the activating annaratus; it 
S-cornposes s the complex carbon cermpounds, Grives off the volatile ‘eeleuaninnds 
TA oeves: 2 residue OL Char consisting iarecly ol carbom. Tho-carvonis-con- 
riucred to be extremely active at the tirac of its formation, but it is surrounded 
cy volatile decomposition products and instantly absorbs a surface coating of 
se rnateriais, beccming so saturnted that littl: 2absorptive powcr remains. 
zac Surface must thereforc be cleared to restore the originel activity. The 
2ceclike residue is ground to a fine powder in a ball mill and charged into a 
reaction tube where it is heated to 9009 C. in a moving current of steam. This 
c.vars the surface of the particles and partly restores their original activity. 
Ctivition with steam is vicwed #s a partial differential oxidation in which the 
2csorbed constituents burn readily while the carbon burns with difficulty and 
-24VCS 2 clean carbon surface. 


ee) “CoG, Gu. Da; Delino,. Puls, ona Cophill,. Vill Hy 2 Continuously Operating 


Laboratory Coal Dulverizer that Measures Net Power: Trans. Am. Inst. 
Main. and Mct. Eng., vol. 149, Coal Division, 1942, nj. 251-241. 
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Further oxidation of tho clean carbon is belicved to open and enlarce small 
pores and canillarics, greatly increasing the total surfuce. 


One intere sting point brought out by the investigation is that a water-purli- - 
cation carbon and 2 suger-decolorizing carbon differ owing to a greeter dcgres - 
ol Durnine of tat iotter, which 1s Vitricated. to the prodqneltion of larecr-dlamecrr 
canillariss iu the sutar-docol orizing carbon. ‘The coicr codics in sugar are 
undoubtedly much Jarcver thaa tlic Udor-producing bodics in water and so cannct 
get into srnail canillarics as casily. 


Aiter stearn activation thi: ee rower of tle carpen is augmented 
further by an acid treatrient, waich probably removes solible salts and much 
of the ash, incrensing the relative arnount cf pure cnrben. 


These experiments show that there is an optimiuiza Geerce of burning for 
each sampic ee tec. ne Tih eny excditional — decreascs the activity, ats, 
the most ¢ ACTY carbons were obtained from tic raw muteriais with the ioe rest 
esh content. 


SPOR AGE Oe CMa 


The possibility of 2 coal shortic: in the winter of 1942-48, duc to increases 
consumption, lack of labor in the mincs, end heavy burden on the Carricrs, 
Icd to cooperation oe the Rure:nu of Mincs and the Office cf Sclid Fucls 
Coordinator for War in a eumprign tc encourege ail consumers tc store 2s 
mucn coal as possikle faeries the summer. The Bureau nlaccd engincers at 
stratcgic points in the field to zive advice on the storage of coal and issued 
brief papers to explain to consuiners that logs ef heating value of coals in 
storage is cxtremcly low and that precautions ageinst slacking need bc taken 
only where subbituminous coal and lienite arc stored. Instructions were issucsa 
On NOW tO. ad ust turniccs 16 com pens sate for any chanec. in burning cnaracter - 
istics owing to stornge and how to avoid snontincous combustion by fcllowing 
DYrODer DroceoNres 17 Storing cou). AS , 29; oe 


Reses el on the effect of oxidation on the coking vorcpertics of stered 


coal is described cn nage §1 of this rcenort. 


4"7/ Hertzog, E.8., and Broderick, 5. j., Activatec Carbon for Sugar Deecolor- 
ization: Ind. Eng. Chem., vol. coy oat Sie tt Zes 10S. 

48/ Barkley, J. F., Pointers on the Storare of Coal: Bureau of Minos Inf. 
Cire lis Je. Ops 

49/ Barkiey, J. P., Froblems Encountered in the Storage of Bituminous Coal: 
Nat. Eng., vol. 45, 1941, op. 815-822. 

99/ Parry, V. F., Questions and Answers on Storage cf Coal in the } Rocky 
Mountain Area: Bureau of Mines Inf. Circ. 7214, 1942, 9 pn. 
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UTILIZATION OF CCAL 
Combustion 


Tucl-Engineering Service 


Fuel-engineering service rendered to many agencies of the Government 
included advice on the design and installation of equipment for burning fuels, 
the buying of the most economical fucls for specific plants, and the economical 
oreration of plants. Acceptance tests were made on new equipment purchased 
sy the Government. Greatly increased consulting advice was rendered on the 
chanting from oil to coal fuel at many plants, the large-scale storage of coal, 

as the selection and buying of equipment with respect to obstacles interposed 
y the systern cf priorities. 


conditicning of Feed Water for Roilers 


In the year ended June 30, 1942, water analyses and recominendations 
asec thereon were made for 3. 296 ‘samples of feed water from boiler plants 
verated throughout the United States by various Government agencies, as com- 
vared with 1,045 samples analyzed in 1939, 1,360 samples in 1940, and 1,379 
sam ples in 1941, Revorts were made on analyses of 8 boiler compounds and 
is bciler scales, sludges, and devosits. Surveys were conducted at several 
moh to determine the correct treatment for feed water. At other plants, 
testing laboratories were installed and entineers instructed in the testing of 
feed water. Other consulting services on feed water were rendered to Govern- 
ment agencies as required. 


Sir Pollution and Smcke Abatement 


The literature on pollution of the atmosphere by smoke and other dusts 
eye foal r Ld ° * e % j 
"25 reviewed, and bibliographies were prepared.oL 


During a period when smoke abatement is secondary to maximum utili- 
ation of industrial facilities, municipal smoke inspectors are well-qualified, 
cy tueir familiarity with the facilities in the regions they serve, to assist in 


~ 
w 


solving problems of storage and efficient burning required to prevent a short~ 

276 of coal.2 vy SS 

:i/ Bureau of Mines Fuel Economy Service, Eibliography of Papers on the 
Determination of Dust Fali, Bibliography of Favers on the Determination © 
of Atmcespheric Dusts, and Pibliography cf Papers on the Determination 
of Atmospheric Sulfur Dioxide: Smoke Prevention Assoc. America, Inc., 

Manual of Ordinances and Requirements, 1941, pp. 169-172. 

- Barkley, J. F., How Smoke Regulation Departments Can Assist in the War 
Project of the Control, Allotment and Conservation of the Nation’s Coal: 
Proc. 36th Ann. Convention, Smoke Frevention Assoc. America, Inc., 

__. 1942, pp. 125-127. | 
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Physical and Chemical Pronrerties of Coal Ash as Related To Clinkering and 
Slagging.. 


The study of the action of coal ash’at high temperatures has been con- 
tinued, with particular emphasis on the difficulties in modern large furnaces 
burning pulverized coal, such as are used for generating power in central 
stations. One of the major problems is controi of the deposition of slag on the 
heat-absorbing surfaces. Because the adherence of slag to such surfaces mey 
seriously affect the rate of transfer of heat, knowledge of the properties of 
coal-ash slag under the conditions in actual installations is Lidispensable. 
Also, the problem of removing ash as molten slag is not satisfactorily solved 
in all cases, and the forznation of clinker in fucl beds is not fully uncerstooc. 
In cooperation with the American Socicty of Mechanical Engineers Special 
Rescarch Committee on Furnace Performance Factors, a program correlating 
the laboratory data on coal-ash siags with the actual behavior of the ash in 
furnaces has beon begun as an aid to the design and oneration of furnaces. 


A new difficulty in operating these furnaces which has recentiy attained 
serious proportions is the loss of metal from wal! tubes or superheater tubes 
by corrosion, apparently frorn contact with coal-ash slags or some constituent 
evolved from them. Cooperative investigation has been instituted with the Ccm- 
bustion Engineering Co. to determine the mechanism of the rcactions leading tc 
this external corrosion of furnace wali tubes or of superheaters. This con- 
dition, recognized ior the first time carly in 1942 as clearly connected with the 
chemical characteristics of the slag, has been responsible for numcrous Doilier 
outages. An early identification of thc causes and the development of a complet 
remedy is imperative to prevent further scrious interruptions in power 
generation. 


Density of Slag. - Measurements of the density of molten slags have been 
made over a wide range of composition. Tne temperature coefficient is smal’, 
the density decreasing about 0.0C5 for each 100° F. increase in temperature 
above the liquidus temperature. The density of coal-ash slags is shown to 
depend on composition and increases with increase in the total content of 
equivalent FeoOg in the slag; densitics range from 2.45 to 3.00. These data 
are useful for computing the kinematic viscosity of s!ags and for estimating the 
weight of slag in a given vclume at high temperatures, as, for example, ina 
bed of molten slag of known dimcnsions. 


Burning Solid Fuels on Traveling Gr 


atcs 


Fuel entering the furnace on 2 chain-gratc stoker, is ignited by three 
‘methods: (1) By conduction of heat from the existing fuel bed; (2) by recirc- 
ulation of burning particles of fucl in the stream of gas above the fuel bed, the 


burning particles dropping onto the surface of thc entering fuel; and (3) by radi- 
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ction from hot surfaces of the furnace. During the past year, the investigation 

i traveling grates has been concerned primarily with the third phase. Attempts 
‘9 measure the true temperature of the radiating surfaces supplying heat to the 
fuel bed were not successful, therefore it was necessary to measure directly the 
yantity of hcat transferred by radiation, and a radiometer was dcsigned and con- 
structed for this purpose. It is possible to relate the time rcquired for initial 
‘cnition of the surface of the fuel bed as a function of size or composition of the 
tucl, the rate of supvly of air, or the temperature of preheat for specified rates 
oi transfer of heat to the fuel surface. Once surface ignition is complete, the 
rate of travel of the plane of ignition to the grates is the factor requiring 
measurement, and the radiomctcrs can be withdrawn to protect them from the 
aleh temperatures that are reached in the furnacc. 


Since ignition must take placc before combustion can occur, the time 
required for ignition is one of the most important variables in fixing the com- 
cution rate obtainable with a given fucl in a sncecified installation. 


An anthracitc, washed to produce fractions of varying ash content, has becn 
studied in the crossfced furnace. An increase in ignition temperature with 
-crease in ash content was observed; although initial ignition of a fcw isolated 
articles took place at about the same time for cach coal, complete ignition 
anc the progress of ignition through the fucl bed were slower as the ash in- 
orcased. 


-ombustion of Coal in Residential-Tyoe Mechanical Stokers 


_ 4 Study was made of the burning characteristics of eight Washington coals 
van fircd on a domestic, ash-removcr-type, underfeod stoker installed ina 
enc hot-watcr boiler comprising six vertical, cast-iron sections. Twenty- 
one neat-balance trials were made to determine the cffcct of variations in asn-~ 
cctening temperatures and in caking propertics on the suitebility of these coals 
45 iuels for the ash-remover-type stoker. The trials showed that certain coals, 

reviously found to be unsuitable for burning on the standard underfeed stoker 
‘scause of their high ash-softening temperatures, burned efficiently and without 

“echanical difficulty on the ash-remover-type stoker. These coals were char- 
s-terized by their high ash-softening temperatures and absence of agglutination 
or caking, Those giving satisfactory results had ash-softening temperatures 
ner than 26009 F. and no caking properties. Clinker from coals with ash- 

ccitening temperatures lower than 2600° F. disrunted the fuel bed while being 
anc from the retort by the scraper arms of the ash remover and in addition 

-1sed excessive grinding noise in the ash-remover mechanism. Coals with ° 
Sslutinating values, even as low as 100 grams breaking strength (Marshall- 
3.rd method), could not be: burned efficiently because of a high loss of unburned 

“4tbon in the ashes. 
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Physical Chemistry of Combustion Processes 


A detailed experimental study was made of the combustion of hydrogen, 
including the three explosion limits and the nonexplosive region of the reaction. 
This investigation resulted in clearer understanding of the important chemicai 
stages of the process and in application of this knowledge to other combustion 
processes, such as that in flames and in the internal-combustion engine. 


The variables investigated for the hydrogen-oxygen reaction were: Tem- 
perature from about 400° to 600° C.; pressure (from a few millimeters of 
mercury to about 2 atmospheres); mixture composition, including addition of 
the inert gases nitrogen, helium, argon, carbon dioxide, and water vapor; size 
and nature of the surface of the reaction vessel; and nature of the surfaces of 
pyrex, quartz, toric acid, potassium chloride, barium chloride, sodium tung- 
state, potassium tetraborate, and metaborate being studied. The study of the 
effect of various surfaces showed that the erratic behavior of the reaction in 
Clean quartz or pyrex vessels can be eliminated by coating with any polar com- 
pound, such as potassium chloride. Subsequently, the quantitative aspects of the 
reaction were studied in salt-coated quartz and pyrex vessels, and ee eae 
led-to a reaction mechanism that satisfactorily describes the results.29/ » 22 
Kinetic equaticns derived from this mechanism make it feasible to caiculate 
explosion limits and reaction rates in excellent agreement with experimental 
values over a wide range of conditions. 


A review was made of the exnerirnental side of combustion in engines, anc 
methods of temperature and pressure measurements were suggested. The mec: 
anism of engine knock was discussed, and a new method of rating fuels outlinec, 
which is based on the determination of ignition lag, characteristics of the fuel, 
and the separate determination of engine characteristics.29/ 


A study was made of the important factors involved in determining the 
stability of stationary flames; the results of this work have been collected in 
manuscript form to be presented at the Sentember sereting (1942) of the Amer- 
ican Chemical Society and subsequently published.2© The conditions for 


538/ Heinle, H. R., and Lewis, B., The Reaction between Hydrogen and Oxygen: 
Kinetics of the Third Explosion Limit: Jour. Chem. Phys., vol. 9, 1941, 
pp. 584-590. 

54/ von Elbe, Guenther, and Lewis, Bernard, Mechanism of the Thermal 
Reaction between Hydrogen and Oxygen: Jour. Chem. Phys., vol. 10, 14¢, 
pp. 386-393. 

50/  Lewis, Bernard, The Experimental Side of Combustion Research in Engin:. 
Frontiers of Science: Interscience Publishing Co. (in press). 

56/ Lewis, Bernard, and von Elbe, Guenther, Stability and Structure of Burner 
Flames: Jour. Chem. Phys., vol. 11, 1943, pp. 75-97. 
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stability of the flame are found at the base of the flame cone where cooling by 
the rim of the orifice and interdiffusion with the surrounding atmosphere 

affect the burning velocity. The limiting gas velocity for blow-off or flash- 
back is proportional to the cube of the tube diameter from which it follows that 
the occurrence of these phenomena is determined by the velocity gradient of 
the gas stream near the tube wall. 


By means of fine particles of magnesium oxide introduced into a gas-air 
stream illuminated by a light bearn, the flow pattern of the gas as it emerges 
from the orifice and passes through the luminous flame cone into the flame 
envelope was obtained photographically. The velocity of the stream over the 
cross section was ascertained by strobescofic means. The temperature distri- 
bution in the flame was measured by coloring the central portion with sodium 
and employing the spectral line-reversal method. Finally, flow pattern anc 
temperature distribution were correlated. 


Carbonization 


A survey of the coke industry at the end of 1941 showed construction 
under way or under negotiation by 13 iron and stcél companies for a predicted 
increase of at least 3,000,000 tons and probably 3,000,00C tons in annual coke 
nroduction. In addition to mytallurgical coke, large supplics were needed for 
synthetic ammonia plants. : 


The complete evaluation of a coal for ecke and gas making requires a 
considerable number of tests on a large, truly representative sample. The 
scale of test must be sufficient to yicid enough carbonization products for 
complete examination and not so large as to be unwicldy. “& The complete 
series of carbonization tests, as made by the Bureau, involves carbonization 
at low, medium, and high temneraturcs, that is, the whole range of tem- 
rerature covercd by industrial practice. The results show the yicld and 
quality of all products of carbonization, the cffect of blending the coal with 
other coals, and the effect of weathering the coal on the yield and quality of 
nroducts. Weathering usually results in weaker coke and lower yiclds of 
ctner products. In addition, the pressure excrted on oven walls is determined. 
Beyond a certain maximum pressure exerted during coking, the walls of coke 
ovens Will be ruined. It is now proposcd to introduce an additional test con- 
sisting of preheating the coal charged in the ovens to establish the effect on 
coxing properties and the possibility of shortening the time of eoking. 


o’/ Fieldner, A. C., Processing and Carbonization of Coal: Min. and Mct., 

; vol. 23, 1942, pp. 103-104. 

8/ Ficldner, A. C., and Davis, J. D., Gas-, Coke~, and Byproduct-Making 
Properties . American Coals and Their Determination: Bureau of 
Mines Mon. 0, 1934, $1.50. (Iay be obtained only from the American Gas 
Association, yes Lexington Avc., New York City.) 
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During the year full reports were published on work completed during ts. 
previous year on ccals from the No. 1 bed in Crittenden County, Ky.2 : 
aa eae bed in Logan County, Va.;00/ Lower rSaDy bed in Bell County, 
Ky} Bekerstown bed in ea County, W. Va. © and the Henryetta be 
in Okmulgee County, Ckla.v/ | 


A descriptive index of the coals that have been tested in this survey ws - 
published £4 This includes anaiyses and biblographic references cn 68 cous 


Coals that nave been tested cover a wide range in rank and type, but car-: 
bonizing properties cannot be correlated closely with rank and type; accorc- 
ingly, if more definite information is required, individual coals must be 


tested, 68/ 


Coals on which complete series of tests were made during the year were: 
Bevier bed, from No. 18 mine, Cherokee County, Kans.; Thick Freeport bet, © 
from Hamer mine, Allegheny County, Pe.; and McAlester bed, from Dow Nc. 


59/ Davis, J. D., Reynolds, D. A., Brewer, R. E., Sprunk, G. C., and Schmitt, 
L. D., Carbonizing Properties and Fetrographic Composition of No. 1 
Bed Coe! from Bell No. 1 .Mine, Sturgis, Crittenden County, Ky., and 
the Effect cf Blending This Coal with Pocahontas No. 3- and No. 4-Bed 
Coals: Bureau of Mines Tecn. Paper €28, 1941, 45 pp. , 

€0/ Davis, J. D., Reynolds, D. A., Sprunk, G. C., and Holmes, C. R., Carben- 
izing Properties and Petrogravhic Composition of Powel!ton-Bed cca: 
from rik Creek No. 1 Mine, Emmett, Logan County, VJ. Va., and the 
Effect of Blending this Coal with Pocahontas No. 3- and No. 4-Bed Cczs 
Bureau of Mines Tech. Faper 630, 1941, 45 pp. 

61/ Davis, J. D., Reynolds, D. A., Sprunk, G. C., and Holmes, C. R., Carbcz- 
izing Froperties and Petrographic Composition of Lower-Hignite-Be« 
Coal fren the Atlas Mine, Middlesboro, Bell County, Ky., and the Effzct 
of Blending This Coal with Pocahontas No. 3- and No. 4-Bed Coals: 
Burcau of Mines Tech. Favocr 334, 1942, 47 pp. 

62/ Davis, J. D., Reynolds, D. A., Sprunk, G. C., and Holmes, C. R., Carton- 
izing Properties and Pctrographic Composition of Bakerstown-Bed Cc2: 
from No. 23 mine, Coketon, Tucker County, West Virginia, and the Efec 
of Blending This Coal with Pittsburgh-Bed (Warden Mine) Coal: Bure 
of Mines Tech. Paper 644, 1942, 46 pp. 

638/ Davis, Joseph D., and Reynolds, D. A., Carbonizing Properties of Henry- 
etta-Bed Coal from Atlas No. 2 Mine, Okmulgee, Okmulgee County, 0«: 
Okiahoma Geol. Survey, Minerrl Renort 12 (Prelim. Rept.), in cooperst 
with Bureau of Mines, 1941, 6 pn. 

64/ Wilson, J. E., and Davis, J. D., Index of Coals Tested in the Bureau of 
Mines Survey of Carbonizing Pronerties of Americin Coals: Bureau ci 
Mines ‘Tech. Paper 627, 1942, 10 pp. 

65/° Davis, J. D., Selection of Coals for Coke Making: Bureau of Mines Rert. 
of Investigations 3601, 1942. 29 pn. 
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LeFlore County, Okla., was used in blends with the McAlester coal. In addition, 
less extensive series of tests were made to obtain pertinent information regard- 
ing the coking properties of coals from Utah, Colorado, and Wyoming. 


All the coals on which work was done during the year are listed with their 
analyses in table 4. ‘They are referred to in the text by number and bed. 


TABLE 4.:-- Analyses of coals, as carbonizead/ 


Coal 28 - Pittsburgh bed, Warden mine, Allegheny County, Pa. ; 

Coal 56 - Pocahontas No. 3 bed, Buckeye No. 3 mine, Wyoming County, W. Va. 

Coal 59 - Upper Freeport bed, Morgantown district, Monongalia County, W. Va. 

Coal SO - Lower Freeport bed, Fastern Indiana County, near Cambria County, 

Pa. 

Coal 61 - No. 1 bed, Bell No. 1 mine, Crittenden soot: Ky. 

Coal 64 - Bakerstown bed, No.-23 mine, Tucker County, W. Va. 

Coal 67 - Taggart bed, Nos. 30 and 31 mines, Harlan County, Ky. 

Coal 68 - Henryetta bed, Atlas No. 2 mine, Okmuigee County, Okla. 

Coal 70 - Upper Hartshorne bed, Quality mine, Sebastian County, Ark. 

Coal 71 - Bevier bed, No. 18 mine, Cherokee County, Kans. 

Coal 2 - Thick Freeport bed, Harmar mine, Allegheny County, Pa. 

Coal 73 - McAlester bed, Dow No. 10 mine, Fittsburg County, Okla. 

Coal 75 - Pocahontas No. 3 bed, McDowell County, W. Va. 

Coal 124 - Lower Sunnyside bed, Columbia mine, Utah. 

Coal 125 - Lower Sunnyside bed, Sunnyside mine, Utah. 

Coal 127 - Horse Canyon mine, Emery County, Utah. 

Coal XP24 - Beckley bed, part of foundry mix, Domestic Coke Corporation. 

Coal XP25 - Pittsburgh bed, part of foundry mix, Domestic Coke Corporation. 
oal kP26 - 00 percent Beckle bed and 50 percent Pittsburgh bed. 


often- 
ng tem- 
tile ix {y-) perature 
C j Mois- mat- | = .t.u. | of ash, 
No ‘ 
28 2,740 
56 2,780 
09 2, 910+ 
60 2,840 
61 2.790 
64 2,450 
67 2,490 
67B rel 
BTID : 5. 3 OQ 12,750 
See footnotes on page 38. 
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Lace toed 
TABLE 4. - Analyses of coals, as carbonizedl/ (Cont’d.) 


Dry, -| Proximate, | 

|mineral ercent | Heat- |Soften- 

matter - V ola | Ultimate, percent ing ing tem: 

free, tite Fixed Hy- Ni- value, | peraturt 
Coal. ,|fixed Mois-| mat- | car- dro Car-| tro4 Oxy |Sul-iB.t.u. | of ash, 


No! carbon ture | ter bon j|Ashi gen jbon | gen een |fur per lb.| °F. 


68 62.0 | 6.8 | 85.9 [54,0 (5.3/5.6 (72.5 1.8 12,970 | 2,040 
68h | 66.3 | 5.6 | 30.4 By 5.6 | 5.3 75.0| 1.8 2.080 
68B 68.2 | 5.3 | 28.7 60.0 16.015.1 175.31 1.7 | 10. 2.090 
68C 66.2 | 5.7 | 30.5 |58.4 |5.4}5.4 175.0 1.81 10.7 2,050 
70 80.9 | 1.6 ! 18.3 /74.9 15.2 |4.5 183.9/1.8 | 3.9 2.4710 
71 57.2 | 4.1 | 38.4 [49.9 |7.615.6 |73.811.5 | 9.1 2,980 
T1LA 62.5 | 3.4 | 34.1 55.3 7,215.3 175.511.5 | 8.5 2,120 
71B 64.8 8.0 | 32.1 157.5 7.4 52 OTA | FA 2,060 
710 62.0 | 3.3 | 34.7 [55.1 16.9 15.4 '75.611.6 | 8.4 2,330 
71D 64.3 | 3.1 | 32.7 [57.4 6.8 5.2 8.5 1.6 | 8.0 9,320 
72 61.7 2.8 | 35.3 |55.6 16.3 [5.4 177.4]/1.5 | 8.2 2,300 
73 60.8 | 3.8 | 36.3 [55.5 14.4 |5.4 177.011.8 |10.9 2,990 
734 | 65.9 | 3.5 | 31.6 [59.8 [5.1 {5.2 |77.5/1.9 | 9.4 2,300 
13F ‘ 3,5 | 34.2 Bv,6 168? al al i : 
75 82.6 | 2.4 | 16.6 |75.8 (5.2/4.5 |84.211.2 | 4.2 9,400 
124 57.4 | 5.4 | 38.1 150.4 {6.1 (5.6 |72.211.5 |13.6 9,680 
125. 57.5 | 4.5 | 38.5 (51.2 15.8 15.6 173.6/1.6 112.1 9,820 
127 55.6 | 4.7 | 39.1 150.1 16.1 15.6 172.611.6 13.3 2,310 
xp24 | 80.2 {1.5 !|18.9 173.8 15.8 14.7 183.4/1.5 | 4.0 . 
XP25 | 61.1 2.1 | 36.1 155.7 [8.1 15.4 178.011.6 | 8.1! . 
p263 Re a [PET 165.0 160-1. -< ef ‘i : 


1/ Analyses by H. M. Cooper, chemist, Bureau of Mines. 

2/ Coal 67B contains 30 percent Pocahontas No. 3 bed (coal 58); seal 67D con- 
tains 30 percent Pocahontas No. 4 bed (coal 57). Coal 68A contains 20 
percent and coal §8B contains 30 percent Lower Hartshorne bed (coal 69); 
coal 68C contains 20 percent Upper Hartshorne bed (coal 70). Coal 71A 
contains 20 percent and coal 71B contains 30 percent Pocahontas No. 3 bet 
(coal 56); coal 71C contains 20 percent and coal 71D contains 30 percent 
Upper Hartshorne bed (coal 70‘, Coal 73A contains 20 percent and coal 
73F contains 10 percent Hartshorne bed (coal 74). 

3/ Analyses calculated to dry basis. 


standard Coking Coals 


The Advisory Committee on the Bureau of Mines-American Gas Associate! 
Survey of American Coals has approved the selection of Pittsburgh high-volatil 
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100-percent low-volatile coal 


TUMBLER, CUMULATIVE PERCENT ON A 1-INCH SCREEN 


100-percent high-volatile coal 


56 57 51 41 


100-percent low-volatile coal 


20-percent 
low-volatile coal 


SHATTER TEST, CUMULATIVE PERCENT ON A 1}-INCH SCREEN 


48 75 28 
ORDER OF LOW-VOLATILE COALS 


Figure 8.— Differences in shatter and tumbler indexes of cokes from six low-volatile 
coals and the effect of blending these coals with a standard high-volatile A coal. 


100-percent low-volatile coal 


20-percent 


low-volatile coal 


APPARENT SPECIFIC GRAVITY 


56 57 51 41 
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ORDER OF LOW-VOLATILE COALS 


Figure 9.— Apparent specific gravities and rank of six low-volatile coals and their blends 
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4 coal from Sutersville, Allegheny County, Pa. (coal 28) as a standard eastern 
ecking coal of that rank. The cominittee has also recommended Pocahontas 
No. 8 (coal 75) from Kirnball, McDowell County, W. Va., as a low-volatile 
blending standard. These coals are to be looked upon as neither the best nor 
tne worst coking coals. For example, figure 8 indicates that the Pocahontas 
isa good blending coal, and on referring to tables 5 and 6 it can be seen that 
tne Pittsburgh coal is the average high-volatile A coking coal fcr the East. 


The committee has recognized that there is a wide difference in the cok- 
ing power of eastern and western coals and has recommended Lower Sunny- 
side coal from Utah as a standard western high-volatile. Lower Sunnyside 
coal from the Columbia mine was tested in 1932 and is designated as coal (19) 
ci tne BM~AGA series. During the year and in connection with a search for 
coals Suitable for making metallurgical coke the Columbia mine was resampled 
(coal 124), and new tests were made. Also, Lower Sunnyside coals from two 
aaditional mines were sampled and testcd; the additional mines were the 
Sunnyside (coal 125) in Carbon County, Utah, and the Horse Canyon (coal 127) 
in Emery County, Utah. Table 4 shows the analyses of these coals and that 
ci Pittsburgh coal from the Warden mine, and table 5 shows the comparative 
maysical properties of the cokes as tested by A.S.T.M. methods. It is shown 
tnat Utah coals are quite different in composition from the Pittsburgh coal 
and that the latter produces stronger coke. There are some differences in 
the composition and coking proper ties of the Lower Sunnyside coals, as judged 
by the 1-1/2-inch shatter and l-inch tumbler indexes, but it cannot be said 
that one is consistently better than another. It is known that this coal changes 
somewnat in the same mine, as evidenced by differences in Columbia mine 
semples 19 and 124. It should be observed that the Sunnyside coke is used 
successfully for smelting iron ore, aithough it is a weak coke for large, modern 
blast furnaces. 


Average shatter and tumbler erepertieso” were computed for cokes 
made from coals of different ranks in the 13-: and 18-inch retorts at 800° and 
20" C. Table 6 summarizes the results. The summary is open to the criti- 
asm that all of these tests were anplied to only a few coals, particularly those 
of high-volatile B and C and medium-volatile ranks. As far as the averages 
may be considered significant, the tables show: 


1. The shatter 1-1/2-inch and tumbler 1-inch for cokes made 
at 800° are higher than for those made at 900°, but the reverse is 
true for the 1/4-inch tumbler indexes (hardness factor); that is, 
the 800° cokes are tougher but softcr than these made at 900°C. 


<?/ Reynolds, D. A., and Holmes, C. R., Physical Proverties of Cokes from 
Bureau of Mines~Amcrican Gas Association Tests at 80C° and 900° C: 
Bureau d Mines Rept.of Investigations 3550, 1942, 14 pp. 
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TABLE 5. - Cokin, 
coals in the 13-inch BM-AGA Pebors, .JOOLTC. 
Shatter test, Tumbier test, 


cumulative percent upon- cumulative percent upon- 
iywetn. Vestn, il-i72=in.| f=in, [74 


CHELe 
|erav- erav- Celis, |2-in. 


1 =1/2-in. |1=in. 

No. Bed Mine ai LG percent |Iscreen | screen sppecn SeneeN screen | screen | sereen| screen 

2 Pittsburgh Warden 136 0.84 54.7 29.6 69.7 93.7 98.1 CFO 1229 5229 69.38 

19 Lower Sunnyside Columbia nS) aro | 60.4 UC 43.6 Ee. 97.4 0) 50 AG eS 78.4 

Lae do. do. = 74 | = 8.6 Band 75.8 | 98.28 | 20: 5G) 21.4 (cores: 
ye) C4 do. Sunnyside = aio = Cle ie 10,0 1078 | 0 | 5 20;.0).) W719 
ee forsawemyen| = | 78 | 16.8 | At Won eo tO 8 16.7 1 a 
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TABLE 6. - Shatter- and tumbler-test Indexes of 800° and 900° Cc. 
BM-AGA cokes from coals of different rank 


Retort 


diameter | High-vol. ; High-vol, 


inches 


1-1/2°’ shatter; 13 


18 


1’’ tumbler 13 


18 


1/4’’ tumbler | 13 


18 


900° cokes: 1-1/2’ shatter} 13 


18 


1’’ tumbler 13 


18 


1/4’’ tumbler 13 


18 


: Number of coals tested at 800°: 


900°: 


__Rank of coal 


Bice C A Med-vol.| Low-vol. 
64.2. 82.7 94.7 94.5 
63.5 83.0 95.4 05.2 
+2.0 + .d + ff + .f 
21.0 64.7 
29.7 64.2 
+2. er 
37.0 66.6 
87.3 66.3 
+ .d oo. 
52.6 T1.2 
50.1 85.1 
=Z) +7.9 
S18 82.0 
Ged 64.3 
41.4 +2c3 
Ou 14.7 
f ho Pe 72.8 
+21 -1.9 
1 - 
Q 


9 
w 2 V + indicates that the 18-inch-retort coke is the best; - indicates that the 
13-inch-retort coke is best. 


2. Maximum carbonizing temperature has an important effect 
on coking properties; the effect of size of the testing retort (rate of 
coking) is not so pronounced, and differences generally favor the 
18-inch retort where the rate of travel of the plastic layer is slowest. 


A new low-volatile coal (coal 75) from the Pocahontas No. 3 bed at Kim- 


Blending Froperties 


ball, McDowell County, W. Va., was obtained during the year for future blend 
tests with eastern and midwestern high-volatile coals. Low-volatile coals 
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previously used as blending coals in 2C~and 30— percent amounts are as 
follows: 
Coal 56, Pocahontas No. 8 bed, Buckeye No, 3 mine, Wyoming 
County, W. Va. 


Coal 57, Pocahontas No. 4 bed, No. 4 mine, Raleigh County, 
W. Va. 


° 


‘oal 51, Washed Upper Kittanning bed, No, 72 mine, Cambria 
County, Fa. 


Coal 41, Beckley bed, Winding Gulf No, 1 mine, Raleigh 
“County, Wa Va 


Coal 48, washed Lower Kittanning bed, No. 73 mine, Johns- 
town, Cambria County, Pa. 


The carbonization tests were made in the BM-AGA 18-inch retort at 900° C. 


All these low-volati_e ccals were blenced with a standard high-vclatile 
coal from the Pittsburgh bed. Warden inine, Sutersville, Allegneny County, Fa 
In figure 8 the ccais are arranged in the order of increasing l-inch tumbler 
indexes; the same crcer is usea for cther curves shown in this figure and alsc 
TOP those shown in figure 9. Table 7 cives the complete shatter and tumbler 
data, ‘including apparent specilic gravities and rank of the coals and blends. 


The scale on which the measure of physical properties is given in figure 
8 is large, and differences are thus exaggerated. Figure 8 illustrates the 
following points: | 


1. None of the other curves follows closely the arbitrary 
order adopted for the l-inch tumbier indexes, and the shatter and 
tumbler indexes do not indicate the same relative strength of the 
cokes. The latter is not surprising, because in the two tests the 
forces causing reduction in size oi the cokes differ. 


¢. Itis impossible to calculate these proverties from a know- 
ledge of the properties of the constituent coals; there are instances 
where the 2O-percent blends are better than the cO-vercent blends 
and also where 100-percent charvos of the low-volatile ccals 
produce poorer coke than the blends. 


Figure 9 shows wide variation in the apparent specific gravities of the 
cokes from 100-nercent charges of low-volatile coals, aithough their variaticn 
in rank is not large. Variations in rank of the blend cokes are not large, and 
they follow closely the ordcr in figure 8. Frobably the reason for this is the 
high nercentage of high-voiatile A Coal in both blends. 
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From these results it is clear that every low-voiatile blending coal must 
be treated individually as far as the physical pronecrties of the coke are ccn- 
cerned. That is, if it is desired to know these proverties within the limits 
of experimental error, actual tests must be made on exrerimental cokes. This 
probably applies aise where a standard low-volatile coal is used with ditfcrent 
high-volatite coals. 


McAlester-Bed Ccals 


A compiete series of BM-AGA tests was made on a samble of McAlester- » 
bed coal (coal 73) from Dow No. 10 mine in Pittsburgh County, Okla. The 
analysis (table 4) shows that it is a high~ volatile A coal of low ash and sulfur 
content and that the softening temperature of the ash is low at 2,290° F. The 
main object in testing this coal was to determine whether it could be used to 
make coke for smelting iron ores and thus supplomznt Oklahoma reserves of 
coals of this coking quality. The work was done in cooperation with the Okla- 
homa Geological Survey. The tests indicate that the coal is poorly coking by 
eastern standard of metallurgical practice but that its coking power can be 
improved greatly by blending with low-volatile coals available in Oklahoma; 
accordingly it may be icoked upon as reserve coking coal. 


Bevier-Bed Coal 


The Bevier- or Limeston-bed coa! (coal 71) was obtained from the No. 
18 mine at West Mineral, Cherokee County, Kans.: its rank is high-volatile A 
bituminous. The analysis of the carbonizing sample is given in table 4, and 
table 8 shows the yieids of carbonization products obtained at low, medium, 
and high carbonization temperatures and also for blends coked at 900° C. in 
the BM-AGA 16-inch retort. Table 9 gives physical properties of the cokes. 
This table also shows the average shattcr 1-1/2- and tumbler 1-inch indexes 
for 25 coals in this range of rank previously tcsted, to serve as a basis of com- 
parison. 


Table 9 shows that the shatter index of the coke is almost as good as the 
average for high-volatile A coals but that the tumbler index is Semewhat low; 
however, it is shown that both can be improved considcrably by blending with 
30 percent of low-volatile coal. It is assumed that Hartshorne low-volatile 
coal would be available for the ourposc, but probably the Bevier coal coked 
alone would produce a useble furnace coke were it not for its high sulfur 
content. 
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TABLE 8. - Yields of carbonization 


Coal 71 - 100 percent Bevier bed 
Coal 71A - 80 percent Bevier bed 
€oal 71B - 70 percent Bevier bed 
Coal 71C - 80 percent Bevier bed 


products, as= 


carbonized basis, from Bevier-bed coal 


and 20 percent Pocahontas No. 8 bed (coal 56 
and 30 percent Pocahontas No. 3 bed (coal 56 
and 20 percent Upper Hartshorne bed (coal 70 


coal 70 


Goo. = 70 percent Bevier bed and 30 percent U Upper Hartshorne bed _ 
Viele per ton of coall/ 


Retort] Carboniz— | ; a 
dia-~ ing tem- Yields | Gas, | 
Coal lmeter, | perature, Free | cubic | Tar, | Tar | (NHy eon 
inches con ammonia a Total |i feet gallons [In gas pounds “_ 
pa 
0.020 ee eae ie ae , DOO 29.0 i ; 4, 
Pe "180 ae | O77 as | eBags. 22.3 
, 4,188 VA | 98.5 (10,600 | 17.8 | 4.: 20.8 
Od 6.5 Geno 2 Oi. 000 PaeC. hod ae 20.1 
sos OTe 96,6 | 10,200 1 Oe S| 63 | ASS, 
166 6.1 i 97.5 |10,400 | 13.8 | 3.86] .73 19.9 
200_| 5,9 | 98.2 ee O.800 |. 1880.1 eu6y | -.e4 B24 
gas is reported as stripped of light oil and 
mercury. 
= 45 = 
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TABLE 9. - Physical properties of coke from Bevier-bed coal 


Coal 71 - 100 percent Bevier bed 

Coal 71A - 80 percent Bevier bed and 20 percent Pocahontas No. 3 bed. 
Coal 71B - 70 percent Bevier bed and 380 percent Pocahontas No. 3 bed 
Coal 71C - 80 percent Bevier bed and 20 percent Upper Hartshorne bed 
Coal 71D - 70 percent Bevier bed and 30 percent Upper Hartshorne bed 


ee Carbon- | ~ 7 

Retort |izing | | Shatter test, cumulative Tumbler test, cumulative 

aia- temper-| True Apparent are ‘percent_ upon. nercent upon- 
Coal meter, ie specific |specific | Cells, | 4-in. (1-1/2-in. [= nua’, (7 in, | 2-in. ; 4-in, 
ae Pace eravity igravity [percent | scree screen screen |screen_ | screen | screen (screen |screcn 

samme 1.51 ‘oa dt O69 | Ba Re: 7 81.4 a 86.5) 95.4 | ang | TB 8a isgtes 

i 13 | 800 | Tagen | aie) Soe 70.9 83.9 89.7 | 96.6 Joe wile | 38,0 54.2 
71 18 | 900° Lv 3 . 80 59.0 b BZ eO i ESiee oe 9613 4.6 | 1ee0 83.9 | BOR 
Average for 25 high-volatile A coals i 70.4. | 5O..o it tenes 
on see 1 “OOO Fah Poe “85 55.7 50.2 74,2 he GOsa Oh. S 2.0 200 45.0 | 64,9 
71B 4+ 8 | 900 | 1.95 83 57.4 | Oli dureinees Gre! D3 eo 1 Ot bese Che alleen BLD | Goa 
Cie, a TES | OCG) TT | acO! S| gogigs SOloen oles On sirinoowe Ande 42.9 | 58.8 | 64.4 
71D | 18 S008 fe 200 Bil 30 7Ow3 89.5 | 96.1 | 98.5 ie. eee | Qat | 63.0 poo 23 
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Table 8 gives the yields of carbonization products obtained from Bevier 
coal. The yields of tar and light oil are excevtionally high ana that of gas is 
rood. Correspondingly, the yields cf coe are low. Probably it would not be 
cractical at present to take advantage of these high yields of volatile products 
vecause of the urgent demand for furnace coke. The ccke would be used for 
domestic heating, but the clinkering of the ash would be objectionable. However, 
ashes of competing domestic cokes in this region might clinker as badly or even 
werse than that from Revier coal. 


raick Freeport Ccal 


The main purpose in selecting this coal for test was to determine whether 
its coking properties could be improved by blending with Pocahontas low-volatile 
coal instead of the lower Kittanning, which has been used up to the present. The 
Kittanning coal expands more than the Pocahontas, and consequently less of it 
can be used in blends than of the Pccakontas. The sample was obtained from 
the Harmar mine near Earmarviile, Allegheny County, Fa. Thick Freeport 
coal frora a neighbcring mine (Wildwood) had been tested previously, but at 
that time no blending tests were made. 


The analysis of coal from the Harmar mine is given in table 4, and the 
nysical properties of the coke from this coal and from blends with Pocahontas 
No. 4 are shownintable 10. Physical vroperties of the 900° coke from Wildwood- 
rine coal are included for comparison. 


The 900° coke from Thick Freeport coal had a 1-1/2-inch shatter index 
of 73.5 and a l-inch tumbler index of 52.7, which indicates that this coal is 
more Strongly coking than average high-voiatile A coals because the correspond- 
ing indexes for 25 high-volatile A coals averaged 70.4 for the 1-1/2-inch shatter 
and 00.8 for the 1l-inch tumbler. Blending with 20 percent Pocanontas coal 
Increased the 1-1/2-inch shatter index to 80.1 and the i-inch tumbler index to 
ov.7; the coke from the biend containing 30 percent Pocahontas No. 4 coal was 
sugatly stronger, but the difference shown by these tests is probably not signif- 
icant. The 2- and 1-1/2-inch shatter indexes of the 00° and 800° coke were 
-igter than those for any other coke shown in the table, including the blends with 
Focahontas coal, although the 1-1/2-inch tumbler indexes were lower. The 500° 
and 800° cokes were made in the BM-AGA 18-inch retort; the 900° cokes, includ- 
ing the blends, were made in the BM-AGA 18-inch retort. The Harmar and 
Wildwood mines produce high-temperature cokes of almost identical properties. 
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Plasticity of Coals Tested 


The plastic properties of ail coals and blends studied in the survey of 
carbonizing proverties of American coals during the year were determined by 
the Agde apm dilatometer and by the Davis and Gieseler nlastometer test 
methods.2£/ Tests on a number of other coals and biends were also made by 
one or more of these methods. 


~Low-rank, high-volatile A coal 71 (table 4), containing °.1 percent oxy- 

gen, siicwed a plastic temperature range of 1279 C. by the Davis plastometer 
method ana a maximum fluidity of 1,020 dial divisions per minute by the 
Gieseler nlastometer method. These values are higher than are usually obser- 
ved for coals of such low rank. In tests by all three methods a large amount 
of gas was evolved by this coal, which caused termination cf the Gieseler test 
et a low temperature of around 430° C. and a nigh free-sweliing index of 2.0 
in the Agde-Damm dilatometer test. Blends 71A, 715, 71C, and 71D snowed 
characteristic plastic properties for blends of high-volatile A rank. Coal 72 
is a typical high-voiatile A coal and has viastic properties cnaracteristic of 
a coal of this rank. Its blends also were typical. Coal 73 is a low-rank, high- 
velatile A coal containing 10.9 percent oxygen. This coal and its blends did 
not fuse in the Davis piastometer test, snowed a low fluidity in the Gieseler 
a test, and contracted continuously up to 5CO% C. in the Agde-Damm 

.atemeter test. Coal 74 is a high-rank, low-vcilatile coal and, except for its 
ies charecteristic temperatures, showed mucn the same vlastic prceperties 
as did low-rank, high-volatile A coal 73. These two ccals are near the two 
extremes of rank defining ccking coals. Similar data on the plastic properties 
of anumber of other coals corresponding in rank to coals 74 and 73 have been 
coserved previously. 


Data were obtained during the year on the plastic properties cof Lower 
cunnyside- and Upver Sunnyside-5¢ec coals of “rte: a. These coals ile near the bor- 
deriine dividing high-volatile A from hich-volatile B bituminous coals, and 
trey are extremely sensitive to oxidation. They have roor fusion character- 
istics as comnared with high-rank, hign-volatile A coals. In general, the Lower 
Sunnyside coals are more fluid than these cf the Unver Sunnyside bed. Com- 
parative tests of the adsorption of toluene vapor by minus-1/4-inch coke 
trecze produced from Fittsourcgh and Lower Sunnyside coals showed that the 
Fittsburgh breeze adscrbs more toluene than does the Lower Sunnyside breeze. 
Tais observation suggests that Fittsburgh breeze should be better to add to a 
coal to improve the quality of eae Tests ina commercial, low-tem- 
rerature carbonization plant have shicwn this to be true. 


| Numerous data obtained by the Bureau of Mines and other laboratories 

rave establisned that the low fluidity observed in the low-volatile group of 

e“/ Brewer, R. E., Plastic and Swelling Preperties of Bituminous Coking 
Coals: Bureau of Mines Bull. 445, 1942, 260 pp. 
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bituminous coals increases in the medium-volatile groun, attains its maxim: - 
in the high-volatile A groun, and then Cecreases again. The nignest fluidity ts 
reached in the hign-volatile A coals containing 353 to 66 percent cf dry, min- 
eral-matter-free fixec carbon. The fluidity decreases rapidly with coals csr- 
taining SO percent or less dry, mineral-matter-free fixed carbon, especially in 
coals of high oxygen content. Irregularities in this general relationship be- 
tween plasticity or fluidity data and the corresponding A.S.T.M. classificaticrs 
of bituminous coals by rank may usually be explained if the petrographic com- © 
position of the excevtional coals is considered. For example, although Lower © 
Banner-, Scweli-, and Bakerstown-bed coais are of almost identical rank, tr: 
Lower fanner-bed coal shows a much higher fluidity by the Gieseler plastc- 
meter test iian do the Sewcll- and Bakerstown-bed coals. Lower Banner coz 
contains 36 percent of brizht, 53 percent of semisplint, and 11 percent of can 
nel coal. In contrest, the cther two are predominantly bright coals and ccn- 
tain no cannel coal. 


The plestic proverties of sampies of a number of different coals that 
had been oxivized progressively in air at 99.39 C. have been determined. 
Plasticity and fluidity were reduced by progressive oxidation. The relatior- 
ship betwcen Gieseler maximum fluidity and time of oxidation may be exoress- 
ed by the equation, 


Feb+t™, 


where F = Gieselcer maximum fluidity in 
divisions ver minute; 


cr 
It 


time of oxidation, in days in 
air at 99.39 C.; 


b and m = constants whose valueées depend 
on tac renk of the coal, 


Logarithms of the values of F as ordinates plotted against logarithms of the 
values of t as abscissas for experimental data obtained on two low-volatile 
coals, two medium-volatile coals, and three high-volatile A coals gave famii:: 
of straight lines for each of the three groups. The slones of the lines rerre- 
senting the hich-volatile A coals are stecper than those for the mediwm-vol- 
atile coals, which, in turn, are steeper than those for the low-volatile coals. 
The relative order of lines plotted on a chart for coals of the three grouns 
and for individual coals of each groun accord with the characteristic rates of 
oxidation of the seven coals. 


some cooperative tests with the Koppers Co., Seaboard Division, Kearny, 
N.J., have been made on the same coals, using two Gicseler plastometers. 
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Difierences in constructional features of the two instruments and test pro- 
cedures in thc two laboratories have becn largely eliminated with the view of 
standardizing the anrvarctus and test vroccdure. 


Eifect of Conditioning Coal on Its Coking rrevertics 


survey of Storing Qualities of Coking Coals 
and Chanves Caused by Storage and Ovication 


Operators of commercial coke ovens must store large quantities cf coal 
to assure continuity of cocration and supply of usable coke for blast furnaccs. 
TO assist them in selectiing coals that store well and to aid in the development 
of metneds for preventing deterioration in storage, an accelerated weathering 
test was develoved. | 


Samples of 1/4-inch slack, representative of coal from many different 
beds, have been oxidized progressively and carbonized at 800° C. in stecl 
retorts holding 90 pounds of coal. Thus the samples of coke obtained are large 
enough for standard tests of strength and quality. The length of time each 
coal can withstand the action of air at 100° C. before losing its coking power is 
dsfined as its “‘durability of coking power,’’ a specific property of coal 28 

Table 11 lists the sources, partial analyses, and durability of coking 
cower of 15 coals. The last column shows the relative durability of coking 
pewer based upon Fittsburgh coal as unity. Comparing coals 68 and 71, the 
extreme casos, it can be said that if the two coais are stored under conditions 
that are exactly cqual as. to tempcraturce, particle size, cte., coal 71 would be 
expected to store 16 times as lorg as coal $8 and still yicid commercial- 
grade coke. 


The data in this table show that the high-volatile coals in general have 
the greatest durability of coking power but that if the high-volatile coals also 
nave high oxygen content, the durability of coking power may be low. The fol- 
sowing equation served to predict with fair accuracy the durability of coking 
rower of 13 of the 15 coals tested: 


Durability = 1.22 (V), - (O), 1.65 - 11.28 


wnere (V), = volatile matter contcnt of fresh coal, per- 
cent, moisture- and mineral-matter-free basis, 


oxygen content of fresh coal, percent, 


(O) 
O 
raocisture- and ash-free basis. 


86/ Schmidt, L. D., Elder, J. L., and Davis, J. D., Influence of Storage on 
Caking and Coking Properties of Coal: Ind. Eng. Chem., vol. 36, 1943, 
pp. 150-155. 
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LEGEND 
High-volatile A coals (0)95.7 to 7.1% 
High-volatile A and B coals (0) 7.2 to8.8% 
———=— Medium-volatile coals (0)g between 2.8 and 3.9% 
—--———= Low-volatile coals (O)9 2.4 and 2.5% 


2 a 6 8 10 12 14 16 18 
OXIDATION IN AIR AT 100°C., DAYS 


Figure 10.—Effect of storage (accelerated) of coal on fusion. 


LEGEND 
—- — Expansion pressure 
------ Gas pressure, midway between walls, 
31 inches from top, 11 inches from 
bottom of coal charge 
—— Gas pressure, midway between walls, 
10 inches from top, 32 inches from 
bottom of coal charge - 


PRESSURE, POUNDS PER SQ. IN. 
o 


ae 
FERRE ACE 
y |X tt ttt 
HE CEEERER ST sae = | 


8 10 
TIME, one 
Figure |!.—Pressures developed in vertical-slot oven by blend of 80 percent Thick 


Freeport coal and 20 percent Pocahontas No. 3 coal. 
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Eifect of Storage on Caking in Fucl Beds 


In fuel beds the meiting and coalescence of coal into agglomerates of 
rhs or iess strength often occasion alificuities of combustion, such as 
faulty distribution of air. For this reason it may often prove advisable to burn 
stored coal, outcrop coal, or coal that has been deliberately prceoxicized to 
impair the caking tendency. The amount of oxidation requircd to lessen the 
caking tendency varics greatly for diifcrent coals. 


One aspect of the caking tendency is measured by the armount of unfused 
char or coke breeze in the coke aiter carbonization. Frogressive oxidation 
causes a continued increase in the quantity of loose char. In figure 10 the pcr- 
centage of the coke charge that remains on a l-inch scrcen (percent fusion} 
is plotted against the number of days oxidation of 1/4-inch slack in air oe 100° 
C. This figure shows that, in general, the caking tendency of coals of lo 
volatile-rmatter content was destroyed more quickly taan that of those of are 
ium volatiie-matter content and these in turn were lcss resistant than coals 
of high volatile-matter content. However, the caking tendcacy of coals of high 
originai-oxygen content is destroycd quickly, refardicss or the content of 
volatile matter. 


Comparisons made at the point where eacn coal had been oxidized just 
enough to cecrease the streneth of coke made in large retorts by 15 percent 
Showed that, on the averazc, the fusion had deercased 12 percent. If fusicn 
is taken as a measure of caking tendency, these rcsuits indicate that in storage 
tne caking tendency decrcascs at about the same rate as cokint? rower, 2s 
measured by strength of coke. 


At the same point (15-percent reduction in strength of coke), the agelu- 
tinating vaiue of the coals had decreascd on an averare of 38 percent. This 
relatively rapid decrease in agzlutinatinz valuc with oxidation adds to the value 
of the agglutinating test for measuring the cxtent of oxidation of stored coal. 


Agglomerating indexcs obtained by cxamining buttons from the standard 
volatile-matter ccterminstion cn 55 coals at various steces of oxidation showed 
aa the ccals classificd as good-catking had an average fusion (in a larze retort) 

{¢3.4 percent. The cools clxassificd as fair- and poor-caking had, on an aver- 
ns 33.8 and 51 percent fusion, respectively. Thus, the aggiomcrating-index 
test is of value as a measure of caking tendency. . 


Waen cach coal hed been oxidized cnough to cause a 15-percent decrease 
in strength of coke, the averaye dccroase of hcating value was only 1.8 percent. 
Tnis apnearent deercasc in heating valuc would bu smelicr if allowance were . 
raadeé for the gain in weight of coal rcsulting froin addition of oxygen. Hence, 
itis apparent “that the ceking tendceney can be destroyed by oxidation long before 
the loss in heating value becoincs cummercially important. 
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Determination of Swclling Propertics 
of Coal During the Coking Process 


Studies of the expanding properties of coal were continued in the two tym 
of test ovens.02/ In tne vertical-slot oven, in which the coal is heated from ty: 
sides and the pressures developed under constant volume are measured, bleni: 
actually being used or proposed for use in commercial ovens were tested. 
Data were cbtained on pressures exerted on the oven walls, their relation to 
gas pressures within the coal, and the physical properties of the cckes fermei. 
The sole-heated oven, in which the excansion or contraction of a coal under 
constant pressure or the pressure developed at constant volume is measured, 
was used to continue stancard tests on ccals received in the survey of gas-, 
coke-, and byproduct-making properties of American coels. It was used also 
to investigate the effect of ctner factors on expanding properties. 


Figure 11 shows a test in progress in the verticai-slot oven. A recent 
addition to the apnaratus is a device, shown ia the lower foreground, for autc- 
matic adjustment of the applied pressure necessary to balance the pressure 
developed in the coal. A contact on the movabie wall carriage moving between 
two fixed contacts onerates a motor which, throuch reducing rears, turns 2 
screw to apr. y or release pressure to maintain the coal charge at constant 
thickness. Tests in this oven are automatic and require only general obser- 
vation. 


Typical pressure data obtained in duniicate tests in the vertical-slot 
oven are Shown in figure 12. The coal blend tested contained 80 percent hign- 
volatile coal from the Thick Freeport bed (coal 7°) and 2O percent low-volaii.z 
coal from the Pocahontas No. 3 bed (coal 56). The exnansion pressures exert:: 
on the oven wails and the gas pressures at two points in the coal midway 
between the walls are plotted against time. The peaks of rressure obtained 3t 
or near the time of meeting of the two plastic layers are cnaracteristic of 
dangerous_y expanding or ‘‘borderline’’ blends. The pressure on the walls ic.- 
lows closeiy the trend cf the sas pressures at the center of the charge when 
the plastic layers approach or reach this noint and is of the same order of 
magnitude. This evidence sunports the theory that pressure on the wall is 
caused by confinement of the gaseous products of decomnosition withir the 
plastic coal. The fluctuations in the peak pressures probably are caused by 
alternate confinement and reiease of the evolved gases. The first rapid rise 
of pressure occurs at the same time in the duplicate tests, but another peak is 
reached later in only one of the tests. It is believed that the building up and 
release of pressure in the double plastic laver are affected by meny slight var! 


e 
ad 


ations of conditions, so that duplication of time of occurrance and magnitude ©! 
peaks of pressure cannot be confined within narrow limits. In other words, 


89/ McCartney, James T., and Davis, Joseph D., Expansion of Coal During 
Coking: Bureau of Mines Rept. of Investigations 3644, 1942, 23 np. 
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Figure |4.—Relation between moisture content and expansion. 


Figure 19.—Relation of maximum pressure to volume fraction of coal 


in charge. 


I.C. (241 


the maximum pressure that a certain blend might exert on the walls of ovens 
varies in different ovens and in different charges in the same battery. These 
variations probably are a function of the peculiar plastic provertics of dif- 
ferent coals and blends, so that some will vary less than others in duplicate 
charges. The vertical-slot-oven tests show the order of magnitude of the pres- 
sures to be exvectcd with a given coal and cain be-used with a reasonable factor 
of safety to predict its ‘‘degree of dangerousness.”’ 


Effect of Packing of Charge 


One of the important variables effecting pressure develonment in a cok- 
ing coal charge is its bulk density. It has becn shown previously that the total 
expansion or contraction of a charge at constant pressure is directly propor- 
ticnal to the bulk density. Scrics cof tests have been made on two coals in the 
sole-heated oven in which the maxinium pressure devcloved under constant 
yolume at different bulk density was measured. Coal XP13 was a medium-vol- 
atile coal from the Sewall bed and,coal 64 a medium-veclatile coal from the 
Bexerstown bed. The results are summa23rized in ficure 13. Instead of plotting 
bulk density in the figurc, another term is used that describes the degree of 
racking of the charge more accurately. As coals vary in specific gravity, two 
different coais charged at the same bulk density would not have the same con- 
dition of packing. Therefore, the fraction2l part of the volume of the charge 
cecupied by coal is used instcad of bulk density. This quantity is proportional 
to the bulk density for a given coel and equals bulk density divided by solid 
coal density, both expressed pounds per cubic foot. The maximum pressure 
w2s found to be not dircctly proportional to the bulk density, so the plotting was 
done on a log-log basis. The points for both coals lie dairly close to straight 
lincs whose equations are: For coal XP-18,P 195.2 C~*’’, wnere FP is the mex- 
iinum pressure developed in pounds per square inch and C is the volume fraction 
of the coal in the charge C = bulk density. __ and for coal 64,P = 140.8C’. 

solid-coal density | 
Itis evident that the relation between maximuin pressure and bulk density is 
nota simple one, and the prospect of establishing a thcoretical basis for cal- 
culating pressures from one bulk density to anothcr that would apply to all 
cozls is not promising. Some of the factors that affect the relationship are 
these: (1) With increased bulk density, therc is, ina given soace, more coal 
inat releases gas to produce pressure; (2) there is,lcss void space to provide 
rulicf for this pressurc; (8) as the developed oressures increase at higher bulk 
density, there is a grcater tendency for the unccked portions of the charge to 
compress, which lcads to cumulatively higncer pressures as coking procecds. 
Tne effect of various factors on exvandinz properties, as determined in the 
sole-heated oven with heating from one side only, may not apply in exactly 
same way to conditions of two-sided heating, but the gcneral effect should 
¢ Similiar. 7 
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Effect of Moisture 


Tests were made on two coals in the sole-hcated oven to study the cifcet 
of moisture on expansion or contraction under constant cressure. The resutes 
are Shown in tigure 14. In the series of tests with coal 64, the thickness oft. - 
charge and dry bulk density were kcpt constant, so that thc actual bulk density 
increased with moisture content. The cfficct was to increase the watcr contest 
and thus the weight of the coal contained in a given volume. In a Serics on 
coal 73 - a high-volatile coal from the McAlester bed, Cklahoma - the weisht 
of charge and tic actual bulk density were kent approximately constant, so that - 
the effect was that of replacing coal by water. Thc second set of conditions 
approached practical opcrations more closcly. The theoretical curves are 
drawn on the assumption that a given amount of dry coal would have the sam 
expansion, regardless of the amount of wetcr mixcd with it. The bulk density 
would, of course, change so that, if the results arc calculated to a fixed bulk 
density, the expansion decrceascs regularly with moisture content. The cbser- 
ved results agree fairly well with the calculated figures. They lie arproxi- 
mately on straight lines whosc slopes deviate slightly from those of the thcorc- 
ical curves and in opposite directions for the two coals. It was thought tnat 
increascd moisture content would cause a decrease in the heating or coking 
rates, resulting in a deviation from the theoretical expansion, but no rcgwer cr 
appreciable change in coking rates was observed. It may be concluded that, 
although moisture affects the bulk density, of itsclf it has little effect on 
expansion. 


Effect of Incrt Material 


The effect of inert material on expansion in the sclce~hcated oven at con- 
stant pressurc was studied for coal 64, previously described, and coal 56 
from the Pocahontas No. 3 bed. Figure 15 shows the data obtained. The the- 
orctical values of expansion are found from the assumption that the added inem 
material replaces some of the coa! so that thc expansion of the charge is 
reduced. The agreement bctween the cbscrved and calculated valucs is fair. 
For both coals, the experimental valucs arc always lower, although the rels- 
tionship is still straight linc. Again there was no evidence that the deviations 
could be attributed to changes in rates of hcating. A possible cxplanation is 
that the admixed sand decreases the fusing ability of the mixture, giving v2-ucs 
of expansion lower than those calculated on 2 basis of simple substitution of 
sand for coal. 


Eifect of Blending Coal 


The cffect of blending on cxpanding propcertics wes investigated in two 
series of tests in thc sole-heatcd oven 1t constant pressure. Medium-volatik 
coals - 60 from thc Lower Frecport buc anc 34 from the Bakcrstewn ted wire 
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Figure 16.—Expansion of blends and their constituent coals. 


Figure 15.—Effect of inert material on expansion of coal. 
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blended with high-volatile coals 61 from No. 1 bed (Kentucky) and 72 from the 
Thick Freeport bed (Pennsylvania), respectively. The expansion of each of 

te coals and the various blends was calculated to the dry, solid-coal basis and 
potted in figure 16. This method of calculation, which shows the theoretical 
expansion of a charge of moisture-free solid coal without void spaces, elim- 
inates differences in coals caused by varying moisture content and specific 
gravity, If expansion of the blends were directly proportional to expansion of 
tre propertionate parts of the constituents, the points would lie on the straight 
lines connecting the points for the separate cdals. For these two series of 
tiends, the deviations are not large, and it appears that the approximate expan- 
sion of any blend of these coals could be calculated, knowing the results for 

tre constituents. Whether this would be true of blends of other coals or apply 
to pressures: developed under constant volume is uncertain. Studies of plastic 
properties that have been shown to correlate well with expansion indicate that 
the anaes of blends is not, in general, proportional to those of the separate 
coals, | 


HYDROGENATION AND LIQUEFACTION 


Pyoroeenetion 2ssayvo1 Conl irom flickea. © 


A hydrogenation assay was made on 2 sample of bituminous coal from the 
Jorer Shaw bed in the Eska minc, Alaska. This coal hydrogenated readily; no 
exceptional difficultios were noted. Tne yicid of assay oil was 73 percent of 
“28 Calculated weight of moisture- and esh-free coal or €2 percent of the 
weight of coal as mined and washed. This assay cil was converted to gasoline 
oy further hydrogenation; the yield of gasolinc was 51 percent of the weignt of 
“soisture= and ash-free coal and 43 percent of the weight of coal as mined and 
wasced. The yield of gasoline based on the total coal uscd for all purposes 
(cower, fuel, and sat hydrogenation) is given in table 12, with comparable 
a2 te On other coals. A diagram showing the character and amount of pro- 
ducts of the hydrogenation of a typical biturninous coel is given in figure 17. 


ivf ‘rst, L. L., Boyer, R. L., Eisner, A., Pinkel, I. 1., and Storch, H. H., 
Lydrogen:tion of High-Volatile Bituminous Coals; Sumiaary of Assays 
Ol Bituminous Coals, Sub-bituminous Coals, and Lignites: Ind. Eng. 
Chem., vol. 33, 1941, pp. 1068-1072. 
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TABLE 12. - Yield of crude oil and estimated gasoline yield based 


on total coal (as mined, or as mined and washed) 
used for all purposes 


Pasis of Calculation: 4 tons of Pittsburgh-bed coal or its 
equivalent in moisture- and asin-free coal per ton of gaso- 
line, and 70 percent bv weight conversion of crude oil 

(sp. gr., 0.89) te gasoline (sv. gv., 0.75). 


Sead . Cee te ee ge ee eR BO ee a eee 
| Veigi. percent | Gallons per ton 


Coal bed and State Oruce 


uae ol} | Gasciine jCrude oil! Gasoline 


1 


Mary G6. AIG... scsitecasaievenses aU.8 | 14.2 54.5 45.5 
Upper Freeport, W. Va. cccerece 24.1 | 16.9 65.0 54.1 
Pittsburch, Ea. scscsseccoesessees 25.0 | 17.5 67.5 | 56.0 
Black Creek, Ala. (washed).... | 25.7 18,0 69.5 | 57.5 
Upper shaw, Alaska (washed) .| 24.1 16.9 65.0 54.1 
Lower cunnyside, Utah ......... Zor0 18.2 70.0 58.2 
i Dy ke ua eavesseissseesteeens 21.5 | 15. 58.0 | 48.3 
PO ke ized es eonetesanuctes 23.4 : 16.4 63.6 | 52.5 
MEK ay, Wah cecmsvsncsersdecnrss 23.0 | 141 62.0 51.5 
EUPIA LIGLOs: | éesdssrwoensatveusts Lise t 2.3 47.0 09.4 
Rosebud, Mont. vssscesscccececenees 18.6 | 10.9 43.0 34.9 
WOnETCO.. WYGs, «scidnsewepnaiverkes 19.1 13.4 | S20 42.9 
BOUIS Ns DAs: scvnuibeisiassencs Leet | Sica) Sau Blea 

IDAs... senaurcsiirecdasicsietes 2.5...) Be 33.7 25.2 


Characterization of Assay Oils 


The oils obtained by liquid-phase hydrogenction of eight coals ronging 

in rank from medium-volatile bituminous to lignite were washed to remove tar 

acids and bases and then distilled through a packed laboratory co.umn of about 

50 theoretical plates. From the density, refractive index, and sulfuric acid- 

solubility data some information is deduced concerning the probable component 

of the fractions. Several liters of oil from a bituminous coal and from a2 lignite 
were Sulfonated, and the residucl saturated fractions distilled. For such 
fractions these properties and the aniline voint were determined. Finally the 
neutral oil from the hydrogenation of one bituminous coal was separsted into 

eight fractions by the distillation of about 400 pounds in 2 packed coiumn 14 

feet high and 0.5 foot in diameter, which contained the equivalent of about 14 

theoretical plates; subsequently the fractions thus obtained were redistilled in 

the 5Q-plate leboratcry column. In this way about 100 fractions of the oil were 
obtained, for which density, refractive index (of fraction before and after ex- 
traction with 98 perccnt sulfuric acid), we acid-solubility, and carbon 
and hydrogen content were determined. : 

71/ Hirst, L. L., Eisner, A., Field, J. H., Cooper, H. M., Abernethy, R. F., 
and Sterch, H. H.,Hydrogenation and Liquefaction of Coal. Part 3- 
Characterization of Assay Oils: Bureau of Mines Tech. Paper 646, 
1942,,2a7. pp. Ks 
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Interpretation of the results is comnlicateda by the nresence of appre- 
Ciable quantities cf oxygenated) commounds and by 2 large number of constant 
colling mixtures. Retween 5C and 90 percent of eli of the fractions boiling 
below 200° C. and 20 to 50 cercent of those boiling about 200° C. are insoluble 
in ©8-percent sulfuric acid; and aniline points show that tne residual oils or 
saturates consist mainly of naphthenic compounds, namely, alkicyclopentanes, 
alkyleyclohexanes, and alikylbicyclodecanes (saturated alkylhydronaphthalenes). 
In the 50° to 859 C. fractions the presence of large portions of branched hex- 
anes, cyclopentane, methvlcyclopentane, and cyclohexane is apparent. For the 
fractions boiling below about 150° C. the material insoluble in S5 percent sul- 
furic acid, but soluble in 98 vercent acid (that is, the ‘‘arornatics’’ fraction) 
contains large amounts of branched-chain paraffine and naphthenes, as well as 
benzene, toluene, and xylenes. For the fractions boiling above 150 C. the 

“aromatics” fraction eccntains only small amounts of paraffinic or naphthenic 
hydrocarbons; the main components are benzene and naphthalene homologs. 
The material soluble in 83 percent sulfuric acid (that is, the ‘‘olefins’’ fraction) 
is about 10 percent of the total oil and contains reactive olefins that forms 
peroxides upon distillation. These probably are cyclic olefins. Oxygenated 
compounds are present in all of the fractions in amounts ranging from traces 
to as much as about 20 percent. No information is yet available concerning 
their constitution. 


Refining of Coal-Hydrogenation Gasoline 


As shown in the preceding section, the gascline fractions of the liquid- 
phase coal-hydrogenation oils contain appreciacle amounts of materials that 
form peroxides upon distillation. These organic peroxides act as detonators 
wren the gasoline is used in an internal-combustion engine and thereby lower 
the octane number of the gasoline. It has been found that the most effective 
refining procedure is to heat the gasoline mixcd with 10 percent of its weight 
of an active clay (such as bentonite), for 2 hours at its boiling point, with high- 
speca stirring. Such treatment resulted in the octane number 88-59 and in the 
number 80-81 when 3 cc. of tetracthy! lead was added to each gallon of gaso- 
line. Further refining studies are in progress on gasolines from both the 
liquid- and vapor-phase stages of coal hydrogenation. 


ank of Conl 


Effect of Petrogranhic Composition and 


Comparison of the amounts of residue calculated from the petrographic 
composition with the residues actually obtained in continuous hydrogenation 
snows that petrogranhy is a uscful tool for predicting the residue inert to hydro- 
esnation. The conclusions from tests in small bombs cn the relation between 
petrographic composition and residue are confirmed in continuous hydrogena- 
tion. A series of tests in small tombs (or rotating autoclaves) of 1-liter 
canacity, covering a wide range of rank, including pcat, brown coal, lignite, 

Subbituminous coal, and bituminous conl, indicate that hydrogenation under 
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optimum conditions results in liquefaction of large proporticns of all these 
materiais./2/ A s2 .mpie of anthraxylon from anthracite containing 94.9 percent 
carbon was iiquefield only slightly upon hydrogenation. Data are not availatie 
yet to indicate whether the transition from low-volatile bituminous ccal to 
anthracite is accompanied Dy a gradual or 2 relatively sharp change in licue- 
faction. Low~rank coels appeared to be more scnsitive than bituminous coal 
to change cf experimental conditions. In gcneral, higher pressures and lower 
temperatures proved to be desirable in experiments with subbituminous and 
lignitic coals. For coals that contain less than 82 percent cxrbon the yield ci 
carbon dioxide increases rapidiy with decreasing rank of the coal. This 
increased elimination of oxygen 2s carbon dioxide explains the fact that lcw- 
rank coals do not use much more hydrogen tnan high-voiatile bituminous coats. 


In splint coals that contain aroreciable quantitics of opaque matter 40 te 
80 percent of the opaque ettritus can be liquefied, the proportion correspondirs 
roughly to the opacity. The tests on hand-picked fusain show that 10 to €d per- 
cent fusain can be liquefied. Spcores, resins, and cil algac that occur in quan- 
tity in cannel coals arc liqucficd roy under mild conditions of hydrogeni- 
tion ana the products obtcincd froin these constituents contain more saturated 
hydrocarbons than those oktained trom bright col. 


Chemistry of Coul Hyvcrogenation 


Additional data were cbteined from cxperiments on rates cf hydrogen 
absorption, oxygen reinoval, ae coai liquefaction in 2 1,2CO-cc. bom» using 
oY to 100 grams cf powdered Pittsburgh-bed coal mixed with various amcunts 
of tetrahydronaphthaiene with end without catalysts, and for various temvere- 
tures. Analysis of these data resulted in the following outline of the nature of 
the physical and chemical prceecsscs involved in coal hydrcgenation: 


At temperatures bclow 2bout 300° , the slowest or ra ate-detcrmining StEC 
in the hydrogen-absorption proccss is the rote of reaction of hydrogen with 
the unsaturcated groups in the origina: coal structure and nae Sroucs 
resulting from dehydration. This reaction is accelurated by catalysts, such 
as tin comvounds. Above 300°, the rate of this chemical rcacticn surpasses 
that of the diffusion of hydrogen through a liquid film on the surfaces of tie 
coal and catalyst; hence such diffusion is the slowest stcp bctween 300° and 
S1Ce 


Above 870°, rapid depolymerization and solvation of the coal occur. Tris 
depolymerization reaction is essentially a primary decomposition cf the coal 
and is characterized by the large temperature coefficient observed in the first 
hour of reaction in the 370°-385° interval. The reaction, with hydrogen car- 
riers or with each other, of the unsaturated fragments from the decomposition 


Téa/ Sce copy p. 102. 
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is more rapid than the primary decomposition of the coal; hence the latter is 
the rate-determining ster. The primary decomposition is a thermal, non-cat- 
alytic process. The fragments from this thermal explosion react with hydro- 
aromatic compounds, such as tetrahydronanvhthalene, thereby stabilizing them- 
selves by means of hydrossen atoms removed from the hyroaromatic. The chief 
function of the catalyst is rapid regeneration of the hydroaromatic compounds 
that serve as hydrogen carriers. The rates of oxygen elimination and of coal 
liquefaction are virtually indevendent of catalysts, when an excess of tetrahy- 
dronaphthalene is present, whereas the rate of hydrogen consumption depends 
markedly on the nature and amount of catalyst present. 


Primary decomposition of the coal at temperatures above 385° C. is 
followed by secondary decomposition of the depolymerizea coal. The secondary 
process is a noncatalytic reaction between the oxygen grouns of the primary 
decomposition products and a reactive hydroaromatic. Concomitant with this 
oxygen-removal reaction there is a dehydrogenation of the coal-hydrogenation 
products due to thermal instability, so that the net hydrogen consumption tends 
to decrease with increasing temperature above 400° C. At dees kyo ts 
temperatures this dehydrogenation results in formation of coke.L9/ 


INFLAMMABILITY OF COAL, METAL, AND ORGANIC DUSTS 


The inflammability of 70 dust samples submitted by industry was deter- 
mined during the year. These included coal-mine dusts, metal powders, 
synthetic resins, wood pulp, shellac, cottonseed-hull bran, and dusts from 
power plants, steel mills, and metallizing operations. In addition, the inflam- 
rnability of numerous powders suggested as extinguishers for incendiary bombs 
was tested. 


Metallic powders are being produced in large quantities for metallurgical 
and other uses. Most of these powders are inflammable and are capable of 
cropagating an explosion when a cloud of sufficient density is formed in air 
and ignited. Apparatus in use for a number of years in studies of the inflam- 
mability of coal-mine dusts was modified and improved to handle the metal 
dusts. The metals tested were aluminum, antimony, cadmium, chromium, cop- 
rer, iron, lead, magnesium, Dowmetal (an alloy containing chiefly magnesium), 
tin, titanium, zinc, and zirconium. In most instances several samples of a 
riven metal were obtained from different sources; thus there were eight samples 


73/ Storch, H. H., Hawk, C. O., and O'Neill, W. E., Kinetics of Hydrogen Con- 
sumption, Oxygen Elimination, and Liquefaction in Coal Hydrogenation. 
Nature of the Catalytic Reactions: Jour. Am. Chem. Soc., vol. 64, 1942, 
pp. 280-235. 

74/ Storch, H. H., Chemistry of Coal Hydrogenation: Chem. Rev., vol. 29, 
1941, pp. 483-499. 
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of iron powder and five of magnesium. For comvarative purposes, parele! 
tests were made of Pittsburgh coal dust, cornstarch, and wood pulp, the infler- 
mabilitv of which is well known as a . result of long study. Tne metals tested 
may be divided into ee broad trouns A, highest exolosibility; B, inedium 
explcsibility; and C, lowest ee: lity. 


A. Metal Pcwcers of Highest Exvlicsibility 


Class A includes powdered aluminum, pure iron, :nazynesium, Dowmet¢l, 
titanium, and zirconium. Ccrnstarch ana wocd puip are nonmetais in the same 
class. Suitable clouds of dusts cf these meteriais are ignited readily by siman 
sources cf ignition and violent explosions resiut. Stronger sources of igniticn 
do not increase the viclence of the exvlcsicn aopreciably. The surface ccn- 
dition of the rowdecr influences the resuits obtained. Thus, particles of alu- 
minum powcer may have a thin coat of oxice that reduces chemical acitivity. 


Zirconium is a particularly dangerous metal; a cloud of the powder 
produced by an air jet ignited svontancously at rocm teraperature and exrloce. 
The other metals of this class had ignition temperatures ranging from 25U® tc 
700° C., depending on the metal and the size of the particles. 


Reduction of the oxygen in tne atmosphere in which the powders are Ccis- 
persed is not a practical method of preventing explosions of dusts of these 
metals. For examplc, explosions of aluminum dust were obtained with as 
little as 5.7 percent oxyzen when ignited by an electric snark. Magnesiura 
explodes in pure carbon cioxide and ignites in pure nitrogen. In the former 
instance, tic carbon dioxide is decomposed, and in the letter magnesium 
nitride is formed. Explosions of powdered titanium were obtained in an atmos- 
phere containing omy J vercent oxygen. See snould be handled only és 3 
Sludge or els2 in evacuated containers because of its high chemical reactivity. 
Although won2 pulp and starch ( the two nonmetals in this class) are highiy 
explosive, they differ from the mctals in that 15-percent reduction of OXYGEN =F 
the atmosphere prevented cxplosions. 
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BRB. Metal Powders cf Medium Exn! 


Class B includes antimony, cadmium, tin, zinc, and impure iron. 
Pittsburgh coal dust is a comnarable no: ametal in the same class. These ma- 
terials are sensitive to change in the strength of the source of ignition and 
became nonexplosive when the oxyren in th: gee was reduced suifi- 
ciently. The greatest reduction was required with zinc, the maximum allow: 
able oxygen being 10 percent. 
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I.C. 7241 


C, ictal Powders ot Lowest Explosibility 


Class C includes copper, chromium, 2nd lead. Carbon black is a non- 
metal in this class. These powders require ignition sources of higher tem- 
erature and greater hcat capacity. Under the standards adopted for coal dust, 
these metals would gencrally be considered nonexpiosive. However, under 
more extreme conditions weak cxplosions are possiblc; also in some instances 
there is considerable variation in the inflammability of different samples. For 
exaraple, one sample of lead was considerably more inflammable than other 
samples of lead. Causes of these variations remain to be determined. 


2390 _ 63 - 


Google 


